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THE USE OF CONCRETE PILES.

BY

WM. F. HALL.

[This paper describes particular forms of concrete piles, their uses, and
a review of the advantages of this application of reinforced concrete in

effecting better construction and in reducing costs.]

There is one striking feature connected with the war that is

being merrily waged around concrete : the unanimity of opinion

existing between the opponents and adherents of the unbattled

material as regards its availability for foundation construction.

But, let it show its head above ground and immediately protests,

ranging from mild-mannered objection all the way up the scale

to vituperation, make themselves apparent from every quarter

into which concrete has made inroads.

The bricklayer who scents the decrease of brickwork, tlie

drain-tile and sewer-pipe man who no longer enjoys a monopoly,

the brickmaker who contemplates his decreased output, they, and

many others, all unite in the cry of " Down with concrete." This

is exactly what engineers have been doing with it for centuries

[Note.—The Franklin Institute is not responsible for the statements and opinions advanced
by contributors to the Journal.]
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2 Wm. F. Hall.

with the result that the tourist is enabled to pay homage to

structures to-day that, but for their concrete foundations, would

long ago have been mere unrecognizable heaps of masonry.

The man who first mixed water with stone and sand and tied

them together with cement was the original conservator of nat-

ural resources. His puddling made it possible to give the house

built on the sand the same stability as that founded on the rock.

He devised the means of securing for structures immunity

from time and the elements. The iron founders have erected

statues to Vulcan. It is regrettable that the name of concrete's

inventor should have escaped going down the ages.

As previously stated, concrete has been used as a foundation

material for centuries. Of recent years, refinements of this ap-

plication have come into use that are worthy of more than passing

notice. The concrete bearing pile is supplanting its perishable

wooden prototype. The concrete sheet pile is responsible for the

construction of bulkheads and other marine structures that will

be in existence centuries after their builders have been forgotten.

The concrete caisson made possible the building of towering

structures on the most treacherous kind of soil. Of these three

the development and use of concrete bearing and sheet piles are

perhaps the most interesting phases in the refinement of the appli-

cation of concrete for foundation purposes.

The concrete caisson, while unequalled as a method of foun-

dation construction for certain purposes, is limited almost en-

tirely to conditions demanding almost the extreme of security

due to either the nature of the soil or the load to be supported.

Concrete bearing piles, however, are not subject to such severe

demands and for that reason, largely enjoy a wider application

than caissons. Concrete sheet piles, practically a new develop-

ment in this country, are coming widely into use in place of the

timber piles generally employed for bulkhead and other marine
work.

The increasing use of concrete bearing piles, aside from the

permanence that they add to any construction in which they are

employed, possesses additional interest as a factor in the con-

servation of our forests. The use of wood piles has been one
of the most prolific sources of deforestation. In the gradual
decrea.se, if not elimination, of this condition, concrete piles will

plri}- an important i)art.
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Hennel)i(jiie, the iM-ench engineer, is generally credited with

being the first to use reinforced concrete piles. The pile gener-

ally used by him is of what is known as the " made-up " type;

that is, it is molded above ground and then driven like a wood
pile. This type of concrete pile is widely employed in Europe

where the increasing use of concrete piling is a direct result of the

constantly rising price of wood piling.

A. A. Raymond was the first to awaken the American en-

gineering world to the possibilities of concrete piling. The sys-

Fic. 1.

Preparing casings for kaynuin.i hjikilu- puus.

tem that he developed was a radical departure from Henne-
bique's method. Raymond piles which are of the " made in

place " type, are made by driving a tapering sheet steel shell to

refusal by means of a collapsible steel core, withdrawing the

core and thereupon filling the shell which permanently remains
in the ground, with concrete. The chief advantage of this

method lies in the shell which protects the concrete until it has

fully set. Furthermore, it assures a pile that can be easilv in-

spected. The tapering shape of the piles causes them to act as

wedges in entering the soil. The compacting of the soil bv this
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means causes a great increase in bearing power. For this reason

much shorter piles may be used than when piles without a taper

are driven. In addition, the steel core can be driven to refusal

or a penetration not to be thought of with a wooden pile and the

full bearing power of the soil developed beyond a doubt.

In 1903, Frank Shuman patented the Simplex system of con-

crete piling. While Simplex piles are molded in place there is

this distinction, however, from the Raymond system: in the

latter the shell permanently remains in the ground as a mold and

protection for the setting concrete, while in the Simplex system

the shell, as it is filled, is gradually withdrawn.

Since 1903 there has been a number of inventions in the con-

crete piling field in the United States. These new concrete piles

have all been along the lines of Hennebique's " made-up " pile

with the exception that instead of being vertically moulded as are

Hennebique's piles, they are most of them horizontally moulded.

The principal of these systems are the Gilbreth, the Chenoweth

and the Cummings.

The Gilbreth pile is a corrugated tapering reinforced pile,

with a hole running through the centre. The piles are cast in

wooden forms and after curing, handled by an ordinary pile

driver and jetted into place by running a 2-inch jet pipe through

the hole in the centre of the pile. When the pile has been jetted

nearly into place, the jet is removed and the pile driven to the

desired penetration.

The Cummings pile is another type of made-up reinforced

concrete pile, octagonal in section and of any length up to 60 ft.

Except when driven to rock, this pile is made tapering in form to

gain additional bearing powder.

The Chenoweth pile is also a reinforced concrete pile that

is cast before driving. This pile is round and is made without

forms on a special apparatus and is reinforced with a steel pipe

or rod in the centre, a coiled sheet of wire netting and longitu-

dinal steel rods placed near the perimeter equal distance apart.

There is only one sure way knowai to-day to make
wood piling practically permanent and that is to saw it

off at a point below the water line or at a point at which
the pile head will be continuously w^et. This means that the foot-

ings or cappings resting on the piles and carrying the super-

.structure must go down below the permanent water line. Here



Fig. 2.
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Sectional view of Raymond pile-core, showing collapsing and expanding device. (Steam-
hammer in the leads resting upon the core). In this illustration the shell is driven and
the core expanded.
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is a point where the concrete pile effects a big saving, as it can be

placed entirely independent of depth of the water line. It may

be generally stated that if it should be necessary to lower the foot-

ings for wooden piles only 3 ft. on account of the water line,

below the necessary depth of the cellar or basement, a great sav-

ing can be eft'ected through the use of concrete piles. The lower

the foundation footings are carried, the greater becomes the cost

of these footings as well as the cost of excavation, shoring and

pumping during the construction period.

The saving effected in these items through the use of concrete

piles w^as strikingly illustrated during the construction of a new
group of buildings at the U. S. Naval Academy, at Annapolis.

The original appropriation for the academic group of buildings

not being sufficient when the bids for these structures were

opened, concrete piles were suggested to take the place of the

wood piles called for in the specifications for the foundations.

Investigation showed that by this substitution, the cost of the

foundation could be reduced by about $27,000. The concrete

piles were thereupon substituted. The itemized saving was as

follows

:

CoMP.xRATivF. Cost of Wood and Concrete Piles.

Wood Piles.

2193 piles, at $9.50 $20,835.50
4542 cubic yards excavation, at 40 cents 1,816.80

3250 cubic yards concrete, at $8.00 26,000.00
5222 lb. I-beams, at 4 cents 208.88
Shoring and pumping 4,000.00

Total cost $52,861.18

Concrete Piles.

85? piles, at $20.00 ' $17,100.00
1038 cubic yards excavation, at 40 cents 415.00
986 cubic yards concrete, at $8.00 7,888.00
Shoring and pumping

Total cost $25,403.00

Difference in cost $27,458.18

Some lime ago a vitrified duct conduit, about 11 50 ft. long,

was built at Long Island City for the Long Island Railroad.

The soil across which the conduit line was to be built was orig-

inally a salt mar.sh and except where filling had been done for

streets or to support railroad tracks, the soft quaking mud was
about 30 ft. deep. Various supports were suggested, but the
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I'U). 3.

^Partly and 'entirely completed R: vmond concrete pile. To the lc£t is show-n a core

collapsed and partly withdrawn from the'shell. The shell permanently remains in the ground
and forms a mold for the concrete. On the right is shown a completed Raymond concrete

pile, without reinforcement.
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choice finally lay between a support of plain concrete upon closely

spaced wood piles, and one of reinforced concrete upon widely

spaced concrete piles. The former would have required a trench

lo to 13 ft. deep in very wet muck in order to keep the tops of

the piles below the probable permanent ground water level, and

as it was desirable to locate the ducts as high above the present

ground w^ater level as possible, in order to avoid the difficulty

and expense of drainage during construction, a large and ex-

pensive intermediate mass of concrete w^ould have been required

•—the wood piles being, of course, permanent construction only

w hen immersed. By using concrete piles the trench had to be but

6 ft. deep; the most difficult part of the excavation was thus

avoided, the quantity of concrete reduced to a minimum, and the

progress of the work facilitated accordingly.

With concrete piles, there is practically no excavation neces-

sary below the basement level, except to give sufficient depth to

the footings to distribute the load. Furthermore, there is no

shoring or pumping. But the foregoing is not the only consider-

ation that must be given to the water line. When once the

wooden piles have been placed, cut off, and capped, then the water

line must not drop below the assumed elevation or the w^ood piles

will rot. This is a serious consideration and one that is attract-

ing considerable interest, especially in large cities. The point

is clearly indicated by the fact that contracts for concrete piles

are constantly being secured under conditions where wood piles

could be placed at the same or even lower cost and placed below

the present water level, preference being given to concrete piles

because of the fact that water levels are constantly changing in

all cities, due to deeper sew^ers, freight and passenger subways
and changing natural conditions. Even in New Orleans, where
the city proper is below the level of the river, the new deep

sewers have so changed the water level as to drain the tops of

w^ooden piles. During a recent trip to New Orleans, one of the

officials of a leading concrete pile concern, saw the foundations

of a million dollar building in which wooden piles were used,

where the new sewers had so lowered the water level as to expose
piles in this foundation for 5 ft. of their length. It is a well

known fact that in many of the buildings of Chicago, New York,
St. Louis and other cities, water has been drained from the tops

of wood piles and they have begun to decay with very serious

results. This is a condition which makes wooden piling dear at

any price and with permanency in view gives the preference to
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Fig. 4.

5?

A Raymonil pile-core and shell. The shell, which is shov^-n to the right of the core, appears as

it would be when in position in the soil.
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concrete piles practically without any other consideration. Al-

though assuming- wooden piles to be about one-quarter cheaper

than concrete piles for the same bearing power, yet the advan-

tage of permanency will offset this difference in cost if the low

water line at which the wooden piles must be cut off is only

3 ft. below the basement. Add to this the uncertainty of main-

taining the water line at the required level and the verdict is

decidedly in favor of concrete.

In most cases a considerable saving of time is effected in the

use of concrete in place of wood piling. This saving in time

comes from the decreasing of the excavation and the elimination

of shoring and pumping. It takes practically the same time to

assemble a concrete pile-driving plant as it does a wooden pile

outfit and even if the made-up reinforced concrete pile is used,

the piles can be made at once and the concrete allowed to set while

the necessary excavation and assembling of plants goes on, or the

first few piles driven can be shipped out of stock. In using

concrete piles there are generally about one-half the number of

piles to be driven and consequently much time is saved. When
it comes to the capping and footing, the considerable reduction in

their size by the use of the concrete pile, effects another big saving

in time. This saving in the time of construction means a propor-

tionate gain in rent on the finished building, a feature that is,

however, often overlooked by prospective builders. In one in-

stance the rent for the time saved by the use of concrete piles over

the next available form of foundation actually paid for the

foundation itself. The only disadvantage of concrete piling is

in the slightly increased cost over wooden piles having the same
bearing power. This, however, is only for the naked, uncapped
pile. The advantages of concrete over wood piling are first, its

permanency under any conditions, regardless of the nature of the

soil ; second, the saving in cost due to the great reduction in the

size of the footings made possible by the use of fewer piles of

greater bearing power; third, no concern as to the lower water
line, thus saving considerable excavation and all shoring and
pumping and finally the gain in building rental and saving of

interest charges on investment due to the si)eed made possible

by the substitution of concrete piles for piles of other types. It

is thus apparent that in the total cost of a foundation, concrete

])ik-s afford the greatest economy in construction.
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1

While concrete piles of all types are being used, 75 per cent,

of them are of the " made-in-place-with-a-permanent-shell " type.

Piles of this type have been found to be applicable wherever piling

is necessary, with but a few exceptions. Their predominance

Fig.

Driving a reinforced concrete pile.

is due to the assurance of the integrity of their shape afforded

by the permanent steel shell; by their freedom from injury during

driving or handling, a danger that all cast piles are subject to; by

the si^eed with which they can be placed as compared to cast piles.

Thoy have been used by engineers and architects throughout the
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country, by most of the railroad lines and very extensively by the

Government, notably at the Immigrant Station at Ellis Island,

New York.

In the reconstruction of the famous Atlantic City Boardwalk,

concrete piles of the cast type were extensively used. The greater

part of the walk was rebuilt in 1896, steel piling and caps being

substituted for the wood piles previously employed. The moist,

salt air of Atlantic City corrodes iron or steel with amazing rapid-

ity and the fine saiid which drifts like snow in every wind forms

a most effective sand blast in removing any protective coating

of paint. In 1907 it was decided to relocate a section of the

boardwalk, near the Inlet, where the ocean had receded some

400 ft. By this time the steel under the old boardwalk had be-

come corroded to such an extent as to make its safety doubtful.

In addition, the blistered and scaly appearance of the metal, made
the structure unsightly. Concrete had been used effectively for

piling under some of the amusement piers and, therefore, from

both practical and esthetic viewpoints, it appeared to those in

charge of the work as the best material for the new construction.

The concrete piles employed in this work were especially de-

signed with a view to best meeting local conditions. As the

boardwalk forms part of an architectural scheme for beautifying

the city, it was essential that the piles be round and cylindrical,

ornamental as well as useful. This factor precluded the use of

the Raymond pile, and reinforced cast piles were thereupon

selected. As no reliance was placed on the frictional resistance

of the sand on the sides of the pile, the base was enlarged to

afford a greater bearing area. It then seemed probable, in con-

sideration of tlie greater area of the base, that the sand would not

settle closely under the foot of the pile after it had been jetted

into place causing subsequent settlement. While it is customary
to drive piles to refusal after jetting is finished, in all cases where
piling is driven into sand by means of a water jet, this obviously

could not be done with a pile of the design used. It was there-

fore decided to prevent future settlement by compacting the sand
under the pile in the following manner:

A length of 2J/I. in. pipe was cast into each pile, extending
throughout its full length. The lower end was closed with a

tapered wooden plug and the upper end with waste to prevent the

cnl ranee of concrete. After the pile had been placed the plug
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was knocked out and sand rammed under the foot of the pile. As

the pipe projected some 4 in. beyond the top of the pile it likewise

served in suspending- the pile vertically in the pile driver leads.

The piles were 16 in. in diameter and of two lengths, 28 ft.

Fic;. 6.

Concrete piling in place.

and 32 ft. the shorter ones being used in the more protected por-

tion of the walk and the longer ones in sections where the chances

of erosion were g^reater. The elevation of the deck of the walk

is 15 ft. above mean low water, the piles being driven- 15 it. or

T() ft. into the sand, depending upon the location. This precludes
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any likelihood of the piles being disturbed by storms or the

shifting of the beach from the action of wind and sea.

The walk is 41 ft. wide for a distance of 600 ft. and then

narrows down to 21 ft. The wider section is supported on 4
pile bents, 20 ft. on centres, the piles being 10 ft. on centres,

and the narrow section on two pile bents with the same spacing.

The caps or girders are 8^^ in. x 24 in. in section, with a 5 ft.

cantilever at each end. The design is simple, but the proportion

and general effect are pleasing.

The piles were moulded vertically, using a scaffold or trestle.

This scaffold or trestle served as a bracing for the forms, a run-

way for distributing the concrete, and a substitute for a derrick

or jin pole when lowering the piles. The moulds proper were

made of sheet iron rolled into the proper cylindrical shape and

screwed to wood braces. They were made in halves and bolted

together with butt joints. Some difficulty was anticipated in

handling the joints, since they were 32 ft. in length, but by

careful design and building in the jfirst place and careful handling

thereafter, no trouble whatever was experienced in fitting them
together or maintaining true alignment even after using each one

some twelve times.

There were 90 spaces along the scaffold for moulds; 30
moulds were employed, one set in each third space. In rotation

each mould occupied three different spaces, the mode of procedure

being as follows : When the first column could be stripped, gener-

ally in two or three days, the mould was removed and swung
into the next space, cleaned, greased, bolted together and filled.

After two or three days the mould was again stripped, prepared

as described, and set up in the third space. By the time the third

pile was ready to strip, from nine to ten days after the first

was poured, the first pile was hard enough to be removed. The
mould could then be swung back into the first space and the

sequence of operations was repeated.

The moulds were handled in an upright position using a

pivoted lever. A short lever arm carried a chain and shackle

which hooked into the top of the mould. Bearing down on the

longer lever arm lifted the mould which was then swung to the

next vacant space by rotating the lever on its pivot. This
jirocedure was found capable and convenient.

To handle the cast piles was found a most difficult task. The
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piles were 28 and 32 ft. Ions and wci.^hed some 3^/2 tons and

the reinforcement was not sufficient to keep the pile from l^reak-

ing under its own bending weight. In fact when supported hori-

zontally at two points half way between ends and middle the

dead load stresses were far in excess of those considered safe.

Fig. 7.
Fig. 8.

View showing shell driven for Raymond
concrete pile.

Photograph of over-driven wooden
piles.

Some safe special method had to be devised for handling. The

method adopted was as follows: Two rope slings were placed

around the pile at points which would give the most even dis-

tribution of stresses, assuming the foot of the piles to be sup-

ported. Into these slings was hooked a wire cable with consider-

able slack which passed through a snatch block. The snatch

block was hooked to one end of a tackle, the other end of which
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was fastened to the top edge of the scaffold. The fall line from

the tackle ran to a hand-winch on the ground. A strain was

taken on the tackle and the pile pushed out from the scaffold at

the top until supported by the tackle, its bottom hinging on a sill.

The tackle was then slacked off with the winch, the snatch block

traxelling along the bight in the sling cable as the pile approached

the horizontal. As the pile neared a horizontal position it was

recei\ed on a wooden cradle with pillow- blocks at each end.

This cradle was tipped back into a flat car as the pile came to

the horizontal, the slings were cast off and cradle and pile were

slewed around parallel with the car track which ran alongside

the scaffold. The car took the pile to a storage yard where

it was rolled onto a skidway to cure.

The narrow-gauge railway on which the cars ran passed

along both sides of the scaffold by the storage yard and along the

line of the walk. It proved to be a great labor saver. For

moving the piles, two platform- cars w-ere fitted with turn-tables,

making it possible to swing a pile to any angle from the track.

This was found necessary both to aid in loading the columns on

the cars and picking them up by the driver. A dump car was

used to distribute material for the caps and girders. All lumber

was moved on th': '""^t cars.

The moulded
,

.es w-ere driven or sunk by a water jet. The

round pile was rolled off the storage skids onto the cradle and

then run to the driver. Here the slings, cable and snatch-block

arrangement were adjusted and the pile upended. When verti-

cal a hanger was secured into the end of the pipe projecting from

the top of the pile, the purchase was hooked into this hanger

and the slings were cast off, letting the pile hang vertical and free

in the leads. The driver was then swung to bring the pile over

the stake and sinking was begun, using two jets. The pile settled

by its own weight through the sand, but when layers of clay were

encountered it had to be churned until it broke through. When
the pile had been sunk to the proper depth, and into the proper

])osition the jet was pulled allowing the sand to settle around the

pile, which it did in two or three minutes. Forty-eight hours

after jetting the piles were settled in the following manner: A
piece of 2 in. shafting 2 ft. longer than the pile was introduced

into the central pipe and alternately raised and dropped, knock-

ing out the wooden plug and compacting the sand under the foot
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of the pile. This process was continued until the pile ceased

to settle, from 2 to 6 in. of settlement usually occurring. When
no further settlement was perceptible the pipe was filled with

concrete and a cap moulded onto the column to the exact grade

required.

At Baltimore, in the construction of the new municipal dock

system, concrete bearing and sheet piles are among the most

essential features of the work. After Pitrs i, 2 and 3, the

first three of the series of 6 had been completed, it was found

that the cost of Piers 4, 5 and 6 if built of steel and concrete

would be lower than that of the first three, which were built of

timber and masonry. But, more important than that, traces of

Fig. 9.

Area
SdSqFf

Timbci
Piles- i^«_ •',2'/* --^^

vertical Section E-F

' S^ /^Mkf^concretc

t ^^Mean Low yvorter

, Vert'ccxl Section 6-H
In the'accompanying diagrams the section E-F shows the footing of the connection

between the-library and academic building as designed by Mr. Flagg for wood piles. Another
sketch, G-H.in the diagram, shows the same section as built with concrete piles.

the teredo, a marine-boring animal exceedingly destructive to

wood, had been discovered in the harbor. Only the polluted con-

dition of the water has to date prevented this pest from making
any great headway. Just as soon as the harbor is cleared of

sewage, a matter of only a short time, it is expected that the

teredo will make its appearance in great numbers with the result

that all timber construction along the water-front, will be at the

mercy of this wood-destroying vermin. For these reasons, Piers

4, 5 and 6 are being built of reinforced concrete.

The type of construction employed was developed by Balti-

more's Harbor Engineer, Oscar F. Lackey, as a result of his in-

vestigations of European dock construction methods. Its many
novel features, chief among which is the concrete sheet piling em-

ployed, have attracted the attention of engineers both here and

abroad. One result has been the interest taken by concerns own-

ing water-front property in more permanent dock construction

Vol. CLXIX, No. 1009—2
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than is afforded by the antiquated timber and masonry type.

Several of them already have under way concrete docks along

the line of those being built at Baltimore. An idea of the

magnitude of the operations at Baltimore is to be found in some

of the items of construction: 14,000 cubic yards of concrete in

cylinders; 25,000 lineal ft. of reinforced concrete tie piles; 42,000

sq. ft. of reinforced concrete floor and 220,000 surface ft. of

reinforced concrete sheet piling.

Fig. 10.

^Concrete ''i'^pt.

limber Piles
Vertical Section A-B

Plan and section of footings at U. S. Naval Academy as originally designed for wooden piles.

Piers 4, 5 and 6 consist of solid earth fill, retained on the

sides and ends by reinforced concrete sheet pile walls penetrating

below the dredged bottom of the slip and supported at their upper

end by steel and concrete horizontal girders. These girders are

anchored to reinforced concrete piles, made in place with a

permanent steel shell, and are supported at tlieir other ends on

steel and concrete cylinders about 25 ft. apart on centres.

Pier 4 is 220 ft. wide and 978 ft. long and is designed to

afford special provision for the bay craft, having a slip 70 ft.

wide and 370 ft. long on the centre line at the outer end. Ad-
jacent to lliis centre slip the steel and concrete cvlinders support
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the retaining walls on both sides of the main structure and are

connected by transverse horizontal ties against the reinforced

concrete sheet piles. Beyond the inner end of the centre slip,

these ties are omitted and the thrust on the concrete sheet piles is

resisted by a row of reinforced concrete piles 123/2 ft. apart and

28 ft. back from the exterior face of the steel and concrete piers.

At the outer end of Piers 4 and 6 there are special triangular

steel and concrete corner cylinders, and the regular intermediate

Fig. II.

;1 ^ -^-iz'8'-J~ -
;

Concrete i

Pi/es —r-'

OD

JAean Low Wcffct-
^- Concrete Pilef, Vw

vertical Section C-D
Plan adopted using Raymond concrete piles.

cylinders are tied across, one to the other. Pier 5 is 1245 ft.

long, 200 ft. wide at the shore end and 243 ft. wide at the

outer end. Pier 6 is 1456 ft. long, 93 ft. wide at the shore end

and 212 ft. wide at the river end, with three nearly right-angle

offsets on one of the long sides, the projecting corners of which
are protected by clusters of dolphin piles.

The pier wall has a vertical concrete face, consisting of a

continuous line of reinforced concrete square-edge sheet piles,

not interlocking, in 12-in. x i8-in. units, 27 ft. long, bevelled

at the lower end. Four full-length 34-in. vertical rods in the

front surface and four -l^-in. rods in the rear surface serve as
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reinforcing. The lower ends of the piles penetrate from 24 ft.

to 26 ft. below mean low water, and at the upper ends take

bearing on the inner flanges of the horizontal lattice girder just

above mean low water level. These girders are seated on the

offset tops of the steel cylindrs 25 ft. apart on centres and take

bearing with their outer flanges against the extended upper

portion of the cylinder.

The face of the cylinder extends about 32 in. higher than the

rear end and carries a continuous line of horizontal box girders

supporting the concrete curb and wheel guard at the edge of the

pier. The curb is made integral with a 6-in. concrete floor slab,

4 ft. wide, which carries the paving over the ends of the lattice

girders and is supported at the rear on a short section of concrete

wall, 6 in. thick and 20 in. high, parallel to the face of the pier,

resting on and tied into the top of the concrete sheet piling. The
bending movement on the cylinder is partly relieved by a horizon-

tal tie at the upper end, which is some cases extends across the

full width of the pier to the cylinder on the opposite side, and

in other cases reaches only to reinforced concrete anchor piles

about 30 ft. in the rear of the cylinders.

Work on Piers 4, 5 and 6 was commenced by wrecking the

old piers and structures which formerly occupied the site, and

dredging to a depth of 15 ft. along the faces of the piers, thus

providing trenches in which to sink the cylinders and sheet piles.

The soil consists of mud, fine gravel and sand to a depth of

about 22 ft. below mean low water, beyond which there is very

coarse gravel, which forms a satisfactory footing for the cylinders

and piles. The cylinders after having been placed in position

are filled with concrete placed under water with a drop-bottom

bucket. After the cylinders are in place, the lattice girders,

piles, anchor piles and reaction girders are set.

The sheet piles are cast at the site in ordinary wooden moulds,

and after seasoning not less than 28 days they are delivered

by a derrick scow to the leads of a floating pile driver. After
being carefully aligned they are forced into the mud to a stable

jxDsition by a water jet, and the weight of a 6000 lb. hammer
seated on them.

After the completion of the sheet piling, the wall girders are

set, and a 6 in. concrete wall is built parallel with it 3^ ft. away
in the clear, which is practically an extension of the sheet piles

which carry it between cylinders. The concrete floor is sup-
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ported on the wall and on the parallel girder, and after its com-

pletion the face wall is built on it, the fender piles driven, and

the back-fill, grading- and paving completed.

A modification of the foregoing type of construction has

been employed for the J. S. Young plant, Baltimore, a branch of

the MacAndrews & Forbes Co., which is in turn owned by the

American Tobacco Co., at the Deering plant of the International

Harvester Co., Chicago, and, at the Sparrow's Point plant of

the Maryland Steel Co. In the latter case provision is made in

the construction to support a travellmg ore conveyor along the

bulkhead.

During the extension of the J. S. Young plant, more ground

was required on the water side of the property for the erection

of a new power house as well as for coal storage. As the present

buildings comprising the Young plant were somewhat under-

mined through the deterioration of the wooden bulkheads and

because it is the policy of the MacAndrews & Forbes Co. to make
all its improvements permanent, all-concrete construction was

decided upon.

The construction consists essentially of a series of tongue and

grooved concrete sheet piles 18 in. wide and 12 in. thick and

varying in length from 27 ft. to 36 ft. Superimposed on the

sheet piles is a concrete girder connected, by means of reinforced

concrete ties, with a continuous anchor beam dead-man, sup-

ported by occasional concrete piles. On account of the prox-

imity of the bulkhead to some new buildings, it was found desir-

able, on certain portions of the bulkhead, to connect the ties

with the building foundation. All of the buildings placed on

this bulkhead are supported on concrete piles.

Part of the bulkhead was placed from the ground and part

from the water, the fill behind being made after the bulkhead

was in place. The depth of the water on the exterior space of

the bulkhead varies from 12 ft. to 25 ft. One side of the bulk-

head is used for the loading and unloading of coal. The type

of construction employed increased the present available prop-

erty of the Young plant by the area of a rectangle about 140
ft. X 200 ft.

The International Harvester Company, with its many miles

of bulkheads along the Chicago River, is one of the first corpora-

tions to recosrnize the advantages of steel and concrete bulkhead
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construction. The bulkhead is of essentiall}- the same construc-

tion as that of the J. S. Young plant, except that cross buttress

walls with concrete tie piles are used at 20 ft. intervals. From

these buttress walls, reinforced concrete ties extend to cantilever

concrete anchor dead-men supported on concrete piles.

The increased interest which is being shown by engineers

throughout the country in concrete pile construction, for both

foundations, and dock and pier work, is a matter of considerable

gratification to those who have spent several years in bringing

this permanent construction to the attention of the engineering

profession. There is an increased desire on the part of the

Federal, State and Municipal Government, as well as large cor-

porations and people holding valuable pr(:)perty, to replace tem-

porary construction heretofore used, with permanent construc-

tion, and there is every evidence that an increasing amount of

thi^ class of work will be done each vear.

PRODUCTION OF SAND AND GRAVEL.

REPORT FOR I908 BY GEOLOGICAL SURVEY.

The production of sand and gravel in the United States in 1908, as

reported to the United States Geological Survey, was 37,216,044 short tons,

valued at $13,270,032, a decrease of 4,635,874 tons in quantity and of $1,222,037

in value from the figures for 1907. Pennsylvania was the leading State in

value, followed by Illinois, New York, and Ohio. The ordinary price of
sand and gravel ranges from 8 cents to $1.50 a ton, the difference being
mainly due to the variety of treatment to which the material is subjected
after being excavated. Gravel for roofing or other special purposes may be
valued as high as $3 a ton and some special kinds of glass sand bring from
$7 to $20 a ton.

The production and value of the different grades are shown in the fol-

lowing table

:

Sand and gravel produced in the United States in 1908.

Glass sand ....

Moulding sand
Building sand
Fire sand ....

Engine sand . .

Furnace sand
Other sand . .

.

Gravel

These and other statistics are contained in a paper on glass sand, etc.,

published as an advance chapter from " Mineral resources of the United
States, calendar year 1908." This paper may be had on application to the
Director of the Geological Survey, Washington, D. C.

VALUE QUANTITY
(short tons)

1.093.533

1,980,677

16,037,681

121,678

573,894

$1,134,599
1,342,802

5.635,538
107,858

219,486

339.523 190,023

4,340,034
12,729,004

944,030
3,695,696

37.216,044 $13,270,032
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Clayton '^ describes an 1 8-year-old butter, which had been

kept during the greater part of that time in the dark in a bottle

with a broken, imperfectly fitting stopper. Hence ample oppor-

tunity for oxidation had existed. The butter had an offensive

odor and was considerably discolored. The Hehner number
of the butter fat had decreased during storage. The acidity

had increased very considerably, while the saponification number
was slightly higher than the maximum value given by Lew-
kowitsch.^^

Papasogli '^^ states that, when certain oils are exposed to the

air and are permitted to come into contact w-ith vegetable fibres,

they rise in the fibres by capillary action according to their con-

stitution and particularly according to the degree of their capacity

for oxidation. The humidity of the atmosphere also exerts an

influence upon their capillary action. Under the same conditions,

the height—to which an oil rises in a definite time—is constant.

The fluidity of the oils is lessened by high temperatures, since

the oxidation of the oils then becomes greater. According to

the more or less rapid oxidation capacity of the oils, at 40° C. in

the air, Papasogli arranges them in the following series : olive,

castor, colza, sesame, cotton seed, almond, resin, linseed, fish oil.

Swaving '^ stored samples of butter and of rendered butter

* Presented at the Seventh International Congress of Applied Chemistry,
London, 1909.
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fat in both open and closed vessels, in the sunlight and in the

dark, for periods of 15 months and of 5 years. At the end of

15 months, the butter had a tallowy odor and was rancid; the

Reichert-Meissl number of the specimens in both the open and

closed vessels had decreased. Under the same conditions, the

butter fat did not change in odor; its Reichert-Meissl number

increased.

After storage for five years, the butter had become dark and

mouldy; the Reichert-Meissl number of all the samples, including

those kept in both open and closed vessels, in the sunlight and

in the dark, had decreased ; the decrease was more pronounced

in those specimens kept in the open vessels. The color of the

butter fat samples had changed to a yellowish-white, while an

increase had occurred in the Reichert-Meissl number of all the

specimens.

The statement is made that, in the case of the rendered butter

fat, the glycerides are first hydrolyzed ; the products of hydrolysis

are then oxidized, and volatile fatty acids finally arise. The
decomposition of butter itself is a process of oxidation, probably

combined with bacterial action.

Browne '^^ has made an extensive study of the rancidity of

butter fat. He states that the three factors most active in the

production of rancidity in fats are exposure to air, light and heat.

Given sufficient time, decomposition may occur with the sup-

pression of any one or even two of these elements, but it is most

rapid when all three conditions are favorable. The research

was confined entirely to those changes which butter fat underwent

after its separation from all impurities. The color of the fat

gradually became lighter until finally the entire mass was
bleached. The odor and taste first became lard-like; then a

pungent odor and a burning, unpleasant taste developed. The
sample which originally was firm and solid in texture became
granular and, after many months, changed to a semi-solid pasty

mass.

Butter fat was analyzed when fresh, and at intervals of one
week, one, two, four and eight months ; the constants all showed
progressive changes. A decided increase in acidity and in

saponification and Reichert numbers occurred. The ester value

showed a slight increase, and the iodine number a very marked
decrease. Other samples of butter fat were submitted to
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analysis when fresh, and after they had become rancid ; beside

the changes noted in the preceding experiment, it was observed

that the acetyl value increased, while the Hehner number and

glycerol content decreased. Elementary analysis showed that a

rancid butter fat, which was two years old, contained lower

percentages of carbon and hydrogen and a higher percentage

of oxygen than did a fresh sample. The ratio of the total free

acids to the free soluble acids, which, during the earlier stages of

rancidity, was lower than the ratio of the total acids of butter

fat to its total sohible acids, gradually approached the latter ratio.

Both soluble and insoluble aldehydes were detected by tneans of

Schiff's reagent. The decrease in iodine number, the presence

of aldehydes and the absence of large quantities of free soluble

acids during the earlier stages of rancidity led to the conclusion

that the oleic acid, which is liberated, is first oxidized to alde-

hydes, and that these aldehydes become acids in the more ad-

vanced stages of rancidity. The presence of aldehydes is said to

explain that rather strange phenomenon—the rise in the ester

value. Aldehydes exert no influence upon the determination of

the acid value; but, during the boiling with alcoholic potash in

the determination of the saponification number, the aldehydes

are partly changed into acids which neutralize a portion of the

potash. Thus the value obtained for the saponification number
is really a higher value than the true saponification number of

the rancid fat. The ester or ether value, which is obtained by

subtracting the acid value from the saponification number, thus

appears to increase. The true ether value of a fat necessarily

decreases as the glyceridcs are broken up.

The total glycerol content of butter fat decreased, when the

fat became rancid ; the presence of free glycerol in rancid fat

could never be proved with certainty, although it may have

been present in verv slight quantities. The pungent odor of

the rancid fat is attributed to the presence of a small amount of

acrolein, a decomposition product of glycerol.

Certain physical constants of the fat also changed with the

development of rancidity. The temperature of turbiditv in the

Crismer alcohol test becaine lower by several degrees. Both

specific gravity and refractive index increased, but the s|")ecific

refractive power decreased. The heat of combustion showed a

marked decrease.
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Browne considers that rancidity, like other forms of oxida-

tion, is merely a slow process of combustion. He states that,

since butter fat^as fresh as it can be obtained—has distinct

acid and acetyl values, the process of rancidity has already begun

in the fresh fat. While the ultimate products of oxidation

would be carbon dioxide and water, this advanced stage is

scarcely reached under ordinary conditions. " We are probably

safe in saying that chemical change will not cease until all the

glycerides are decomposed and the oleic acid is completely

changed ; whether or not other changes of a different order, such

as the formation of paraffin bodies, may set in, is wholly a

matter of conjecture."

Browne's statement, that but a small quantity of free soluble

acids is present during the earlier stages of rancidity, confirms

the statement of Bondzynski and Rufi,*^^ who found that

free volatile or soluble fatty acids of butter could be detected

only in a rather advanced stage of decomposition. They ascribe

rancidity to the presence of free insoluble fatty acids, both satur-

ated and unsaturated.

Hanus^^ found that, as butter became rancid, the glycerides

of the insoluble fatty acids were decomposed far more rapidly

than the glycerides of the acids of lower molecular weight.

Under the influence of light and air, butter gradually lost its

yellow color and became like lard ; a rancid smell and a sharp,

tallowy taste developed. The acidity and saponification num-
ber of the butter fat increased ; and the iodine number decreased,

while the Reichert-Meissl number underwent no essential change.

Hanus concludes that unsaturated acids form lactones under the

influence of the air.

Hall ®^ mentions that the saponification number of a pure,

rendered mutton tallow which had been kept for lo years, had

experienced a considerable increase during that time.

Takimenko®' ascribes the changes which fats undergo in the

process of rancidity to the action of air and light ; the tempera-

ture also plays a part. As a fat becomes rancid, the acidity in-

creases, while the quantity of unsaturated compounds decreases.

When fats were exposed to air, from which carbon dioxide and

moisture had been removed, thev became less rancid than fats

which were exposed to the atmosphere.

Lewkowitsch "^ kept a sample of cacao butter in a sealed bottle
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for 10 years. It did not become rancid, and the acidity increased

but little. Six samples of cacao butter were exposed to the

action of air, moisture and sunlight for three to four days. All

became white and acquired a decidedly rancid, repulsive odor

and a nauseous taste; but one of the samples showed a higher

acidity; in the other specimens the acidity had even decreased.

The same six samples were kept for a fortnight, then again

exposed for three to four days. A slight rise in acidity occurred.

Although taste and smell left no doubts of rancidity, the chemical

indices—viz., acid value, saponification value and Reichert-Meissl

number—gave no clue of the enormous change wrought by the

exposure. One of the rancid cacao butters responded to Schiff's

reagent and to the silver nitrate test for aldehydes, but failed

to respond to the m-phenylene diamine test ; instead of assuming

a deeper color, the diamine solution became colorless.

Sherman and Snell ^^ studied the relation of the heat of com-

bustion to the specific gravity of various fatty oils. They con-

cluded that oxidation resulting from exposure to air decreases the

heat of combustion in inverse ratio to the increase in specific

gravity. Hence it is to be inferred that the oxygen is taken

up by direct addition and without essential change in the volume

of the oil.

Sherman and Falk ^* pennitted samples of various oils to

stand for several months upon a laboratory shelf which was

frequently exposed to direct sunlight. The samples were kept in

uncorked bottles which were loosely covered to exclude dust,

and were occasionally shaken. Since all the conditions of the

rate of oxidation could not be controlled, the exposure and shak-

ing were not the same for all the samples. The constants of the

exposed samples were compared with those of duplicate samples,

from the same packages, which had been kept in a dark closet,

in well-filled, air-tight containers. The constants of many of the

oils had been determined before the beginning of tlie experiment

;

these values in all cases agreed closely with those of the samples

which had been protected from air and light, hence the latter

samples had undergone no appreciable change. In the exposed
samples of olive, lard, cotton seed, maize, poppy seed, seal and

linseed oils, the iodine number was lower and the specific gravity

higher than in the protected samples. The exposed oils produced

a greater rise in temperature in the Maumene temperature reac-
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tion, and were characterized by higher acidity and Reichert-

Meissl number, although the changes in the last two constants

were so slight and irregular that they could not account for the

changes in the other constants. The conclusion was reached that,

since the increase in specific gravity was produced by the forma-

tion of hydroxyl groups at the unsaturated linkages, that increase

was directly proportional to the decrease in the iodine number.

Lewkowitsch^^ states that oils and fats will remain unchanged

for practically an indefinite period of time, provided light and

moisture be excluded. Since it is exceedingly difficult to exclude

the last traces of moisture in stored oils and fats, a slight hydrol-

ysis of the glycerides may occur during storage. This liberation

of fatty acids in the presence of moisture is due to the action of

enzymes, which occur in animal and vegetable tissues and accom-

pany the expressed or rendered fats and oils.

Rancidity is produced by the direct oxidation of the free

fatty acids of fats and oils by the atmospheric oxygen in the

presence of light.

Winckel ^^ kept oleic acid for periods of two and three weeks.

Both the iodine number and acid value of the acid decreased;

it gained in weight, and gave a red color with phloroglucin and

hydrochloric acid. When the exposed fat was distilled in a cur-

rent of steam, the distillate formed a color with m-phenylene

diamine solution.

Samples of oleic acid and of glycerol were stored at 40° to

50° for several weeks. At the end of that period, the acid was
neutralized with potassium hydroxide and then distilled in a

current of steam; the distillate gave the characteristic aldehyde

reactions with the following reagents: phloroglucin hydrochloric

acid, fuchsin sulphurous acid, m-phenylene diamine hydrochlo-

ride, and ammoniacal silver nitrate. On the other hand, no alde-

hydes were formed in the glycerol during the exposure.

Winckel concludes that the aldehydes, which develop in fats

and oils during the process of rancidity, are derived from the

unsaturated acids and not from the glycerol. Oleic acid under-

goes autopolymerization and auto-oxidation, as a result of which

polymerization products and an oxy fatty acid are formed ; and,

finally, the oleic acid is partiallv split into compounds of lower

carbon content, including volatile acids and aldehydes. Strong

rancidity is simply an advanced stage in the oxidation of the
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fats and oils. While bacteria and enzymes may aid in the pro-

duction of rancidity, nevertheless absorption of oxygen by the

unsaturated acids explains all the changes which are observed in

fats when the latter arc exposed to the action of light or heat,

or of the atmosphere.

Legler ^^ has proved the presence of active oxygen in oxidized

fats, especially oxidized lard. He proceeds as follows : Ten
c.c. of water are warmed in a test-tube; an equal volume of the

molten fat is added, then several drops of a solution of neutral

lead acetate and of ammonia water, and the mixture is vigorously

shaken. If the fat contains active oxygen, the mixture assumes
a pale yellow to a deep orange-brown color in consequence of the

formation of hydrated lead peroxide. The intensity of the color

depends upon the quality of acti\-e oxygen present in the fat.

Pure cotton seed oil, which contains no active oxygen, does not

respond to the test; however, samples of the oxidized oil, as

well as oxidized lards, give a positive reaction. Cotton seed oil

and American lard are said to be especially capable of absorbing

oxygen ; the absorbed oxygen may be removed completeh- by
moderate heating. According to their oxygen content, oxidized

lards produce a more or less strong reduction of silver nitrate

solution (Becchi's test).

According to Walker "^^ after pure cocoanut oil has been

exposed to light and air for several months, it assumes a slight

but noticeably acrid taste and odor, without anv marked increase

in acidity. Such oils contain aldehydes and active oxygen. The
aldehydes cause the rancid oil to react with fuchsin sulphurous

acid—Schiff's reagent—with the production of a bluish color

faintly tinged with red. Since a mixture of either acrolein or

oenanthol with cocoanut oil gives a red color with Schiff's re-

agent, the rancid oil must contain aldehydes other than acrolein

and oenanthol. Under certain conditions Schiff's reagent may
form a blue color with glycerol aldehyde, but this aldehyde has no
odor. In a few rancid oils, the red tint predominated in the

aldehyde test ; these oils failed to respond to the test for active

oxygen. Active oxygen was detected in all the samples which

gave a blue color in the aldehyde test. These samples liberated

iodine from potassium iodide, and gave a blue color to potassium

iodide-starch paper. The test for active oxygen was. carried

out as follows: Potassium iodide-starch paper was saturated
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with the rancid oil, and a drop of lo per cent, acetic acid was

placed upon the paper which was then covered by a bell jar to

protect it from laboratory fumes. A blue ring formed about the

acetic acid in the course of one to five hours. Fresh oils failed

to form a ring, even when they were permitted to act upon the

test paper for 25 hours. Oils, which responded to the potas-

sium iodide-starch paper test, also formed yellow hydrated lead

peroxide in Legler's test, although the latter test was not so deli-

cate. Peroxides, and usually aldehydes, were not present in

commercial oils, and those oils which had been submitted pur-

posely to the action of organisms.

Walker considers that the rancidity of pure cocoanut oil is

a process of oxidation by the air in the presence of light, and

depends largely upon the area of the exposed surface of the oil.

The oxidation occurs in several stages ; fatty acids are converted

into oxy acids which then form lactones. Lactones are changed

into per-acids, and these per-acids oxidize the glycerol to an

aldehyde. The slight increase in the acidity of pure cocoanut oil

on long standing is due to hydrolysis, caused by heat and

moisture.

The action of ozone upon oleic acid and the fats has recently

engaged the attention of chemists. Molinari and Soncini ^^ in-

vestigated the ozonide of oleic acid. Oleic acid, or its solution

in acetic acid, absorbs ozone from ozonized air with the formation

of an ozonide, the formula of which is

CH3(CH2)7CH — CH(CH2)7COOH

0—0—0

Hence, one gramme molecule of oleic acid combines with one

gramme molecule of ozone. The ozonide is a viscous, almost

colorless transparent liquid, which is heavier than water and does

not absorb iodine. It exerts an exceedingly weak reducing action

upon Fehling's solution. The ozonide is pennanent at tempera-

tures as high as 80° or even 90°, then decomposes into various

products; upon destructive distillation in vacuo, it yields carbon

monoxide, carbon dioxide, methane, several organic acids, and a

pleasant-smelling, unsaponifia1)le compound.

The ozonide may also be decomposed by means of water, the

decomposition taking place slowly in the cold, and more rapidly
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at higher temperatures. The decomposition occurs best when
the ozonide reacts with sodium hydroxide solution. A small

quantity of gas and of the pleasant-smelling, unsaponifiable com-

pound arises; the chief products of the decomposition are four

organic acids, nonylic and azelaic acids, and two acids the

formulae of which follow

:

CHs(CH2)7\ /OH
C( and 0—CH(CH2)7COOH

CHgCCHj/ ^COOH
O—CH(CH2)7COOH

Of the two formulae, the first corresponds to di-n-octyl hydroxy

acetic acid. Three molecules of the ozonide decompose and

give rise to one molecule of each of the four acids. During
the decomposition of the ozonide, no reaction for aldehydes or

hydrogen peroxide could be obtained.

Ozone was permitted to act upon linseed, maize, castor, olive,

rape and other oils. All the oils absorbed ozone in greater or

lesser quantity, just as they absorb iodine.

Harries and Thieme ^^ studied both the ozonide and ozonide-

p>eroxide of oleic acid. Tlie solution of dry oleic acid in chloro-

form absorbed ozone from ozonized air, with the formation of

the ozonide-peroxide, the formula of which is

:

CH2(CH2)7CH—CH(CH2)X03H

Hence, one molecule of oleic acid combined with four oxygen
atoms. The ozonide-peroxide was a thick syrup. It was washed
with water and a solution of sodium bicarbonate, then dissolved

in ether. When the ether was evaporated, there remained a less

viscous liquid, the normal ozonide

CH3(CH2)7CH—CH(CH,)7C00H

The wash waters gave a strong reaction for hydrogen peroxide,

into which the fourth oxygen atom of the ozonide-peroxide had

been converted during the washing. The normal ozonide was
also prepared by passing ozonized air into the solution of oleic
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acid in glacial acetic acid, then diluting with water and neutral-

izing with sodium bicarbonate.

The ozonide-peroxide is a water-clear, almost vitreous liquid,

which detonates but weakly when heated on platinum foil. Upon
standing with slight quantities of water, it gradually decomposes

with the separation of solid azelaic acid.

The normal ozonide is a colorless, viscous oil, from which

slight traces of water cause the separation of solid azelaic acid.

It detonates but weakly when heated lipon platinum foil. When
the ozonide is prepared from the ozonide-peroxide the yield varies

considerably, for frequently the ozonide splits into azelaic acid

and nonylic aldehyde or acid during the washing.

Both the ozonide and the ozonide-peroxide have the same

solubilities with a single exception. The ozonide-peroxide dis-

solves in acetic ester, from which it is precipitated by the addi-

tion of petroleum ether. On the other hand, the normal ozonide

dissolves in acetic ester, but is not precipitated by the addition

of petroleum ether. If the same quantity of the ozonide and

ozonide-peroxide be boiled with water for the same period of

time, both will give a reaction for hydrogen peroxide, but the

reaction will be far more intense in the case of the ozonide-

peroxide. Both ozonide and ozonide-peroxide give cleavage

products with water, including azelaic and nonylic acids, nonylic

aldehyde, and azelaic acid half aldehyde.

Molinari and Fenaroli ^° prepared the ozonide of triolein.

The solution of olein in petroleum hexane absorbed ozone with

the formation of an ozonide ; a molecule of ozone was added

at each of the three double bonds which occur in triolein. The
product had a pale yellow color, was transparent and gelatinous,

and was difficultly soluble in ether. It decomposed completely

at 120° to 130°.

Upon fractional treatment with potassium hydroxide, the

crude ozonide yielded a purer ozonide, which was soluble in ether,

acetic acid, benzol and chloroform. The theoretic m.olecular

weight of the ozonide is 1029; by means of the cryoscopic

method, using benzol as the solvent, a molecular weight of 1017

was obtained. The ozonide reacts with alcoholic potash to form

azelaic and nonylic acids, and an acid with the fonnula

CjsH.^cO.,; it also liberates iodine from alcoholic potassium

iodide solution. When the ozonide is boiled with water, hydro-
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gen peroxide is not formed. The crude ozonide is considered to

be a polymer of the pure ozonide.

Ryan and Marshall ^^ studied the influence of air, oxygen,

and nitrogen upon both sterilized and unsterilized samples of

olive oil, some of which were exposed to the light while others

were kept in the dark. Samples of the oil, 20 c.c. in volume,

were placed in Pasteur pipette flasks of 100 c.c. capacity, which

were then filled with moist oxygen or nitrogen, and sealed at

both ends. Before some of the flasks were filled with gas, they

and their contents were sterilized by immersion in boiling water

for 15 minutes on each of three consecutive days. During this

period both tubes of each flask were plugged with sterilized

absorbent cotton. During sterilization, a decrease in the saponifi-

cation number and a shght decrease in the iodine number
occurred.

After a storage of 13 months, the flasks were opened and the

contents analyzed. In those samples which had been sealed in

an atmosphere consisting exclusively of oxygen, both the steri-

lized and unsterilized specimens which had been exposed to

diffuse sunlight—as well as the sterilized specimen kept in dark-

ness—had a lower iodine number and a higher saponification

number than the oil in the fresh condition. The same changes

had taken place in the unsterilized sample, which had been kept

in the dark, but the sealed tube of the flask had become broken

at an unknown time during the storage. All the specimens,

which had been surrounded by an atmosphere of oxygen, had

become very rancid—in several cases the color had somewhat
changed.

All the samples, sterilized and unsterilized. which had been

sealed in an atmosphere of nitrogen for 13 months, including

those exposed to diffuse sunlight and those kept in the dark,

showed practically no change in the iodine number, while the

saponification number had increased. None of these samples

became rancid ; a faint fading in color was produced by the

diffuse sunlight.

The influence of air upon olive oil was also studied. When
the sterilized oil was kept in diffuse sunlight for three weeks, in

Pasteur pipette flasks, which were plugged with sterile cotton,

it became colorless and rancid ; the iodine luimber decreased,

while the saponification number showed a very slight increase.

Vol. CLXIX, No. 1009—3
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Unsterilized oil was stored in cotton-stoppered test tubes for 13

months;—in direct sunlight, diffuse sunlight and the dark. In

all three cases the iodine number diminished, while the saponifi-

cation number became greater. In all the samples, rancidity

developed, and they were also somewhat bleached.

The fresh oil was preserved at room temperature in diffuse

sunlight, in a blue glass stoppered bottle, and analyzed after the

lapse of three weeks and of 13 months. An air space of about

100 c.c. existed in the bottle above the surface of the oil. After

three weeks, a slight fall in the iodine number, and a slight rise

in the saponification number had occurred, the oil was not rancid.

After 13 months both the iodine number and the saponification

number had decreased, and the oil had become strongly rancid.

During the entire experiment the oil did not lose its color.

Gill ^^ made a series of experiments upon an olive oil to

determine the effect of the atmosphere upon the iodine number of

the oil under various conditions of exposure. After a current

of air had been drawn through the oil eight hours per day for

seven weeks, practically no change had occurred in the iodine

number. Exposure of the oil in a beaker for seven weeks had

no effect upon the iodine absorption. When the oil was heated

for two hours to 120° in an open dish, a very slight decrease in

the iodine number occurred.

After the oil had been emulsified by the method usually used

in preparing "top" dressing (use of ammonia and soda), and

had been recovered with ether, the iodine number was unchanged.

Such emulsified oil was sprinkled upon absorbent cotton, or upon
fat-free woollen " tops," and was extracted after a period of

seven and five weeks, respectively. In both cases the iodine

number had diminished; the decrease was progressive, the oil

exposed for seven weeks having a considerably lower iodine

absorption than the oil exposed for but five weeks. Gill concludes

that olive oil changes but little upon exposure to air or heat,

unless spread out in a finely divided condition.

V. Senkowski '''' has described a specimen of oleic acid which

had been stored for over 19 years. According to its iodine num-
ber, the sample contained 32.1 per cent, of oleic acid, and accord-

ing to its ester value, 8.3 per cent, of stearolactone. Since the

specimen had a high acetyl ester value and practically no true

acetyl value, it was decided that, during the process of acetyliza-
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tJon, hydroxystearic acid was converted into stearolactone. After

allowing for the quantity of stearolactone, present as such in the

specimen, the quantity of hydroxystearic acid, calculated from

the acetyl ester value, was found to be 20.6 per cent. It was

concluded that the remaining 39 per cent, of the specimen con-

sisted chiefly of hydroxystearic acid, which, converted into lac-

tone by the process of acetylization, was regenerated by the water

during the washing of the acetylated fat. This conclusion was

confirmed by elementary analysis of the specimen. A slight

quantity of " acids of another composition " was also present.

V. Senkowski is of the opinion that oleic acid is first trans-

formed into stearolactone to which he gives the formula

:

CnH2n -|-|CH2CHCntl2n^U

I ;

o '

The lactone absorbs water and changes into the corresponding

hydroxy acid. Thus the oxygen content of oleic acid increases

upon long standing.

The gases which form the atmosphere of the earth are able to

produce changes in the fats and oils at ordinary temperatures.

Moisture gives rise to an hydrolysis of the glycerides, especially

if aided by the action of light or the presence of a lipase. Carbon

dioxide causes a tallowy taste and an increase in acidity. Nitro-

gen has no action upon fats; this is also true of hydrogen at

ordinary temperatures. Oxygen calls forth many changes in

properties of the fats; it increases the specific gravity, melting

point and refractive index, acidity and saponification number and,

at times, the Reichert-]\Ieissl number. A greater rise in tem-

perature in the Maumene test may be obtained, while the tempera-

ture of turbidity in both the Valenta and Crismer tests becomes

lower by several degrees. The iodine and Hehner numbers,

heat of combustion and, at times, the specific refractive power

decrease. A rancid smell and taste develop; the glycerol is

usually oxidized ; acids of lower carbon content belonging to both

the fatty and oxalic series form, as do also hydroxy acids and

lactones. The occurrence of aldeh)^des in such fats and oils is

very common ; oenanthol has been identified in rancid olive oil

:

the presence of acrolein and of glycerol aldehyde in rancid fats

and oils has been suggested. Active oxygen has been detected
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in rancid fats and oils. Many of these changes may be explained

by the oxidation of the insoluble fatty acids. Absorption of an

oil in wool, cotton or chamois leather causes the oxidation to

proceed at a far more rapid rate than in bulk. Under the in-

fluence of the atmosphere, all the acids, which are present as

glycerides, take part in the formation of free acid. Ozone forms

an ozonide and an ozonide-peroxide with oleic acid, and an

ozonide with olein.

explanation of the table.

Under "gas" is given the gas; under "fat, oil or esler
"

the compound upon which that gas was permitted to act.

A sign in tiie columns of fat-constants signifies tliat the gas

caused an increase (-{-) or a decrease (— ) in the value of that

constant.

A sign + in the column headed " aldehydes " signifies that

aldehydes were detected in the fat or oil after the gas had acted

upon it.

Under " other constants " are listed changes in the constants

less commonly determined.

The columns " investigator " and "'number " give the name
of the investigator and the number assigned to his paper in the

appended bibliography.

the action of light upon fats and oils.

Fats and oils are exceedingly sensitive to the action of light.

Direct sunlight, diffuse daylight and artificial light all call forth

changes in their chemical and physical properties.

Scala ^^ exposed fats, like lard and olive oil, which contain

almost no soluble, volatile, fatty acid, to sunlight. After 15

days had elapsed, the fats contained volatile acids but the taste

had not yet become rancid.

Goldberg and Huggenberg^^ studied the influence of direct

sunlight upon the period of thawing of various vegetable oils.

This constant of an oil was determined as follows: 100 grammes
of the oil, contained in a glass-stoppered bottle, were placed for

two hours in a freezing mixture, composed of ice and salt. The
initial temperature of the mixture was —20° C, the final tem-

perature usually —16° C. The period of thawing included the
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time which elapsed from the removal of the bottle from the

freezing mixture, until the oil was completely melted.

Samples of olive, rape, castor and bleached olive oils were

exposed to direct sunlight for a period of six weeks. The period

of thawing for each oil was determined at the beginning of the

experiment and after the lapse of two, and of six weeks.

The time required for thawing became progressively less as

the period of illumination increased. But slight changes

occurred in the refractive index of each oil, while the iodine num-
ber was practically unaltered at the end of six weeks. Olive

oil, stored for several years with exclusion of air and light, had

the same period of thawing as fresh oil.

Roloff ^° discusses the action of light from the viewpoint

of physical chemistry. Physical effects of light, in contrast to

chemical effects of light, are those in which light acts upon chemi-

cal elements or compounds without changing the material com-

position of the individual molecules. The light exerts itself in

changing the element or compound into another modification or

isomeride, which is distinguished from the original either by the

arrangement of the atoms in the individual molecules, or by the

polymerization of the molecules.

The rearrangement of the atoms in the molecule always con-

sists of the transformation of a maleic form into its isomeride

of tlie fumaric type; the two halves of the molecule, which are

united by a double bond, turn opposite to each other, and a rota-

tion of 180° thus occurs. As far as measurements exist, the

original or maleic form is always more soluble and has lower

melting and boiling points. TransfoiTnation into the fumaric

form occurs with the evolution of heat; hence a more stable com-

pound is produced.

In the study of photopolymerization, several constants must

be considered. If B be the polymer of A, then B must have

lower vapor pressure, lower specific heat, and higher melting and

boiling points than A. Moreover B must be less soluble than A;
be formed exothermically from A, and pass back into A upon

heating. B also has a greater molecular weight than A. Un-
saturated hydrocarbons and their derivatives possess the power

to form polymers under the influence of light.

The following explanation of the mechanism of the physical

effects of light is offered. The effect of light must be other than
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imparting a purely mechanical motion to the molecules, for heat,

which imparts such a violent motion, usually reverses the physical

effect of light. Moreover, the physical action of light occurs

upon unsaturated compounds. Von Helmholtz ®' has devised an

electro-magnetic tlieory concerning color-dispersion, in which
he assumes that molecules possess electric polarity, and that the

electro-magnetic light waves, by their different effect upon the

two poles, cause either an elongation or a shortening of the elec-

tric axis of the molecule. Roloff bases his theory of the physical

action of light upon this assumption of von Helmholtz. By the

change in length of the electric axis of the molecule, a rupture

of the union or bond, which holds the molecule together, may
occur. If the bond be double (or triple), one bond may open,

while the other alone holds the molecule together. The opened

double bond may then unite with a similar open bond of another

molecule, whereupon polymerization occurs ; or a rotation of the

molecule may take place with the formation of a geometric

isomeride.

Reinmann,^^ in his second paper upon the rancidity of butter,

states that, after butter had been exposed to direct sunlight twelve

hours daily for a month, it had slightly increased in acidity,

and became tallowy and non-edible, but not rancid.

Jensen. ^^ in his second paper upon the rancidity of butter,

describes the effect of light upon samples of sterile butter fat,

which were kept for two and a half months in sterile glass vessels.

One sample was exposed to sunlight ; after one week had passed

it had become perfectly white ; at the end of the period of storage,

its aroma resembled that of decomposed tallow, rather than rancid

butter. The acidity had increased and the iodine number de-

creased, while a strong reaction for aldehydes was obtained.

A second sample was kept in weak, diffuse light at 35° C. It

became lighter in color, but not entirely white. The taste became

disagreeable, the acidity increased, the iodine number decreased,

and a reaction of aldehydes was obtained, but the changes were

less pronounced than those in the specimen which had been ex-

posed to sunlight. A third sample was kept in the dark at room

temperature ; it remained unchanged in taste, acidity and iodine

number. Jensen concludes that light, like heat, makes the fat

especially reactive toward oxygen.

T.ewkowitsch ^® states: " The present state of our knowledge
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does not justify, therefore, the assumption that hght alone, to

the exckision of air and moisture, is capable of effecting a

chemical change in glycerides."

Kreis ^^ describes color reactions for oils, which have been

exposed to the action of light for some time. Even if such oils

have not been noticeably bleached, yet they respond to these

tests. Fresh sesame oil gives no color, when shaken with hydro-

chloric acid of specific gravity 1.19; uix)n shaking a mixture of a

fat or oil which has been exposed to the light, fresh sesame oil

and hydrochloric acid, a green color is formed. If an oil which

has been exposed to the light be shaken with hydrochloric acid

of specific gravity 1.19 and a i per cent, ethereal solution of

resorcin, a violet color arises; under similar conditions, phloro-

glucin gives a red, and napthoresorcin a green color ; these colors

recall the aniline colors both by their beauty and permanency.

Pyrogallol gives a beautiful blue color, which reaches its full

intensity only after it has stood for some time. Hydroxyhydra-

quinone also produces a color.

Winckel ^^^ has used the phloroglucin and hydrochloric acid

reagent of Kreis in a study of both rancid fats and fats altered

by the action of light. Since all rancid fats, with the exception

of rancid butter fat, and all fats, which had been decomposed by

the action of light, including butter fat, responded to the test,

he concluded that the two processes of decomposition are anal-

ogous but not identical. In both processes, compounds are

formed, which react in the same manner with the reagent of

Kreis. After fats and oils have been exposed to sunlight for a

short period of time, they give a red color with phloroglucin and

hydrochloric acid, although they have not become rancid to smell

and taste. Chemically pure oleic acid, which does not respond

to the test, will give a color after it has been exposed to the air

for several days, or to the sun for several hours. Winckel con-

siders that the oleic acid of the fat or oil is either oxidized or

polymerized; the compound, thus formed, responding to the

test. He states that the best proof of rancidity is obtained by

organoleptic tests, since phloroglucin and hydrochloric acid do

not react with rancid butter, and form far too delicate a test to

be applied to other fats and oils.

According to Winckel all those samples of fats and oils, which

respond to Kreis's reagent, also react with vanillin and hydro-
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chloric acid with the formation of a red color. Butter fat forms
the single exception to the rule; the proteins or the ferments of

butter and not the butter fat itself, give the color.

Droste ^" studied the influence of artificial light and of the

Rontgen rays upon olive oil. Bottles of 20 c.c. capacity were
filled with the oil and tightly corked, then jjlaced upon a glass

shelf l>eneath a bell jar of milk glass. The temperature of the

oils depended upon the distance of the bottles from the incandes-

cent gas burner, which served as a source of light; it varied be-

tween 70° and 40° C. However, the higher temperature was
found to be without essential influence uix)n the oil. After the

oil had been exposed to the light for 21 hours, it had scarcely

altered. After an exposure of 86 hours in the case of the one

oil, and of 126 hours in the case of the other, the samples had

become almost colorless, and had assumed a tallowy odor and a

tallowy, sharp, but not harsh, taste. The iodine number had
decreased, while both the acidity and quantity of free, water-

soluble acids, had increased. The formation of a solid elaidin

was greatly retarded.

A mixture of 20 c.c. olive oil and 5 c.c. water was exposed

to air and the gas light for three days, during which time it was
frequently shaken. The oil w^as drawn off by means of a tap

funnel, and then filtered. It was almost colorless, had a tallowy

odor and a slightly harsh taste, still recalling that of olives.

The elaidin test was affected but little, while a slight increase

in the acidity and a slight decrease in the iodine number had

occurred.

Rontgen rays were permitted to act for 140 minutes upon

olive oil. The formation of a solid elaidin was greatly retarded.

The chief change in the constants was a slight decrease in the

iodine number. During all these experiments the refractive

index remained unchanged. Droste states that light produces a

molecular rearrangement of the glycerides.

If fats and oils be exposed to the action of light, long before

rancidity may be detected organoleptically they will respond to

certain color forming reagents, such as a mixture of concentrated

hydrochloric acid and one of the following plienols—resorcin,

phloroglucin, napthoresorcin, pyrogallol. hydroxyhydraquinone

and vanillin. At times, fats and oils—which have been. exposed

to the action of light—respond to the tests for aldeliydes. com-
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ix)unds which occur in a certain variety of rancidity. Light

bleaches fats, produces a tallowy odor and an unpleasant taste,

increases the acidity and decreases the iodine number and the

value of the constant known as the " period of thawing-." It

causes photopolymerization, and also changes unsaturated com-

pounds of the maleic type into their geometric isomerides of the

fumaric type. Artificial light likewise gives rise to changes in

the oils ; it produces a tallowy odor and taste, increases the acid-

ity, decreases the iodine number and retards the formation of a

solid elaidin. The Rontgen rays exert an exceedingly slight in-

fluence upon fats and oils. Of the changes described above, the

molecular rearrangements are probably produced by the unaided

action of light. The changes of a chemical nature are probably

due to the action of atmospheric agencies and are greatly accele-

rated by the influence of light.

CHANGES IN FATS AND OILS UPON EXPOSURE TO HEAT OR COLD,

Heat, like light, produces changes in fats and oils. These

changes may be due either to molecular rearrangement or to

decomposition of the glycerides. Recent studies show that both

chickens and butter undergo chemical decomposition during cold

storage.

Spaeth ^"^^ states that, if butter fat and fats in general be

strongly heated, the saponification number and refractive index

increase, while the iodine number decreases. The Reichert-

Meissl number is changed but little, if at all. Both heated and

rancid butter fat lose their color and odor, and become white

and tallowy. When strongly rancid fats are heated, the acidity

and saponification number of the heated fat are lower than in the

unheated rancid fat, but higher than in the same fat in the fresh

condition. Volatile acids have escaped during the heating. The
iodine number is lower and the refractive index higher in the

heated rancid fat than in either the unheated rancid fat or the

same fat in the fresh condition.

In his second paper upon the rancidity of butter, Jensen ^^

describes an experiment concerning the action of heat upon pure

butter fat. After a sample of butter fat had been heated for

24 hours, in the dark, at 95° to 98° C, it gained in weight, the

acidity increased, and the iodine number decreased. Oxidation

of the fat had occurred.
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Lewkowitsch ^^^ states: " The natural fats can be heated to a

temperature of about 200*^ or 250^^ C. without material change,

provided prolonged contact with air is avoided."

Fahrion ^*^^ heated oleic acid and the acids of linseed oil for

si.x hours, at a temperature between 110° and 120° C, the iodine

number and acid value decreased in both cases, while a small

r|uantity of a neutral compound was formed. The sample of

oleic acid lost in weight during tlie heating. Polymerization and

autoxydation produced a decrease in iodine number and acid

value. The products of autoxydatifjn sjjlit off water, causing

a loss in weight and the formation of neutral bodies, possibly

lactones.

Halfpaap'"* recently suggested that the work of Briihl and

I^ewkowitsch offers an explanation of the occurrence of abnor-

mally high refractive indices in lards, which have a normal iodine

number. Briihl ^^^ states that all those compounds, in which unsat-

urated atom-groups—their nature and number may be any

desired one—occur, possess nomial molecular refraction (to be

calculated from the saturation formula), and also approximately

normal molecular dispersion, provided that these groups are
" isolated "

; that is, are not directly linked to a second unsatu-

rated complex. An example of this class of compounds is diallyl.

Compounds, which contain directly adjacent or " conjugated
"

groups, give " exaltations," or abnormally high values, in respect

to molecular refraction and, to a still greater degree, in respect

to molecular dispersion. Isodiallyl belongs to this class of com-

pounds. Moreover, the carboxyl group —

C

and the

group —CH = CH—are unsaturated groups, since they contain

double bonds.

The following formuLne of oleic and iso-oleic acids were de-

rixed b}- Lewkowitsch ^^^ and are gi\en bv Benedikt-Ulzer.^°^

Oleic acid CH3(CH2)i3CH = CHCH2COOH

Iso-oleic acid CH3(CH2)j,CH =CHCOOH

Halfpaap draws attention to the fact that in oleic acid the

two unsaturated groups, carboxyl and — CH -= CH — , are '' iso-

lated," and the acid should have a normal refractive inde;>c, while,

in iso-oleic acid, the two unsaturated groups are " conjugated
"
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and the acid should have an abnormally high refractive index.

He suggests that the abnormally high refractive index of those

samples of lard, which have a normal iodine number, is due to the

presence of iso-oleic acid, which possibly has been formed from

normal oleic acid by a shifting of the double bond, produced by

the heat during the rendering of the lard.

Droste ^^ heated a sample of olive oil, in the dark with access

of air, for 35 hours at 80"^ to 90° C. The properties of the oil

were not changed. Exposure of olive oil to a mean temperature

of-— 10° C. (maximum— 4° C, minimum— 16° C.) for

ten days had no effect upon either the chemical or physical prop-

erties of the oil.

The changes undergone by the fat during the cold storage

of chickens has recently been studied by Pennington,^*^^ from

whose paper the following abstract has been made. Chickens

of the Plymouth Rock breed were studied. The fat of a fresh

chicken "is normally a light canary yellow, exceedingly trans-

parent, and with no hint of green." The cold storage fowls

were kept at 13'' to 15° F. (— 10.55"^ to — 9-44° C), and

thawed in water. After storage for 10 months, the fat was
" distinctly a deeper yellow " and " becoming opaque." A
chicken which had been in storage for two years showed that

the bands of fat upon the 'inner part of the thigh were shrunken

and " of a deep brown-orange color." The chicken had an odor

recalling that of acrolein. In the course of a further study ^^^

of chickens of various breeds, the constants of the fat of fresh

birds, and of birds which had been in cold storage for periods

of 14 months, 2 and 4 years, were determined. The acidity

of the fat of the cold-stored fowls was always higher, and the

other constants differed from the normal values as found in

fresh chickens.

Lafar^^ kept fresh butter at a temperature of 0° to -(- 1° C.

for 37 days. The bacterial count decreased, then slightly in-

creased. The butter assumed a tallowy taste, but otherwise was
unaltered.

Sayer, Rahn and Farrand recently studied the influence of

cold storage upon butter. The results of their research have

been published in both English ^^^ and German.^ ^^ The acidity

showed progressive increase in those samples of butter which

were kept in cold storage at a temperature of 5° C. They
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usually became rancid and contained moulds. Those butters,

which were stored at lower temperatures, from— 5° to— 10° C,
showed practically no change in acidity. However, during the

manufacture of several samples, the creamery conditions had

been very poor, and those specimens, which contained Oidhim
lactis in considerable quantity, were characterized by increased

acidity. After butter had been in cold storage for several

months, it frequently became " rancid," " aged " or " tallowy
"

in flavor. Volatile esters were found in only one sample, which

had been stored for nine months. Usually samples of butter,

which became rancid during cold storage, did not increase in

acidity. The investigators are undecided as to the cause of the

development of rancidity during cold storage. Either fat, lactose

or protein, by its decomposition, may give rise to rancidity with

its accompanying bad odor and taste.

Heat usually increases the acidity, saponification number and
refractive index of a fat, and decreases the iodine number. Oxi-

dation and polymerization occur. It may also cause a shifting

of double bonds so that two " isolated groups " may become
" conjugated groups," whereupon a rise in refractive index is

produced.

During cold storage of chickens, marked changes occur both

in the physical appearance of the fat and in its constants. Butter

in cold storage may become rancid, but those who studied this

butter are not certain which constituent decomposes and gives

rise to the rancidity.

rancidity and acidity.

Formerly the acidity of a fat was looked uix)n as the direct

measure of its rancidity. Ballantyne "'"' found that in some varie-

ties of oil, rancidity developed before the acidity increased, while

in other varieties the acidity became greater before rancidity

ai^peared. Besana ^ ^^ noted that some samples of butter became

rancid, although the acidity of their fat was lower than that

of the fat of edible butter. The work of von Raumer ^'^ upon

butter showed that rancidity could not be measured by the de-

termination of the acidity. Sendtner ' declares that acidity and

rancidity are distinct and inde{^endcnt phenomena. He states

that the rancidity of butter, and of butter fat, is best detemiined

by organoleptic tests, among which may be mentioned the tallowy
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odor and the bleaching of the color upon that surface which has

been exposed to the light. Schmid^^^ has devised an excellent

classification for decomposed fats ; he distinguishes between acid

fats, rancid fats, and fats both acid and rancid. In acid fats, the

free fatty acids are abnormally high, but the free glycerol is un-

changed. In rancid fats, the quantity of free fatty acids is not

high, but the free glycerol has been oxidized partly or entirely to

aldehydes and ketones. Fats which are both rancid and acid

contain a large quantity of free fatty acids, as well as oxidation

products of glycerol.

The work of Spaeth ^* and of Thum,' ' as well as that of

Hanus,"^ shows that the saturated and unsaturated acids, which

are insoluble in water, are liberated in the same ratio in which

they occur in the fresh fat. Browne "^^ and Bondzynski and

Rufi'^^ have noticed that free soluble acids occur in but slight

quantities during the earlier stages of the decomposition of

butter. Hanus ^^^ states that the hydrolysis of the glycerides of

the volatile acids of butter fat, as compared with the hydrolysis

of the glycerides of both the saturated and unsaturated acids, pro-

ceeds in the same ratio in which the different acids occur in the

butter. Weigmann and Backe^^^ found free, non-volatile fatty-

acids in ripe cheese ; they attribute the formation of these

acids to a decomposition of the fat during the ripening of the

cheese. Although several investigators have found practically

no free glycerol in decomposed fat, Gantter ^'^'^ found 2.1 per cent,

of free glycerol in a tallow which had become " in high degree

rancid." The tallow contained a normal quantity of total fatty

acids (90.8 per cent.) and of total glycerol (8.7 per cent.). The
tallow had the following composition

:

Fatty acids in glycerides 61.9 per cent.

Fatty acids in free state 28.9 per cent.

Glycerol in glycerides 6.6 per cent.

Glycerol in free state 2.1 per cent.

GeiteP^® states that he has frequently noted the presence of

consiflerable quantities of free glycerol in palm oil, which has

undergone an hydrolysis (m the barrel) in the absence of light

and air.

The acidity of a fat or oil is usually determined bv titration

of the free fatty acids, after they have been dissolved in a suit-

able solvent, usually ethyl alcohol. This procedure, including
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the use of a standard aqueous solution of sodium hydroxide and

the application of phenolphthalein as the indicator, forms the

provisional method of the Association of Official Agricultural

Chemists,^^^ and is also recommended by Walker/^^^ Archbutt/^'

Allen ^22 and Lewkowitsch.^^" Lewkovvitsch states that ethyl

alcohol may be replaced by methyl alcohol, amyl alcohol, or a

mixture of ethyl alcohol and ether. Deering ^^'* uses a standard

alcoholic potash solution for the titration. The acidity of a fat

or oil is usually expressed as acid degree Burstyn.^^'"' acid degree

Koettstorfer,^^ acid value or percentage of free acid as oleic.^*-*

An acidity of 1° Burstyn signifies that the free acids which are

contained in 100 c.c. of an oil require for their neutralization

I c.c. of normal solution of sodium or potassium hydroxide.

An acidity of 1° Koettstorfer signifies that the free acids, which

are contained in 100 grammes of a fat or oil, require for their

neutralization i c.c. of nomial solution of sodium or potassium

hydroxide. The acid value specifies the number of milligrammes

of potassium hydroxide, which are required 10 neutralize the free

acids contained in one gramme of a fat or oil. The percentage

of free acid as oleic or, as it is sometimes expressed, the per-

centage of free oleic acid is calculated upon the assumption that

free oleic acid alone causes the acidity of fats and oils.

Gad ^^^ noticed that a drop of an acid fat possesses the power

of forming an emulsion spontaneously upon mere contact with

an alkaline liquid. At times the drop of fat showed a curious

amceba-like motion during the formation of the emulsion. Rach-

ford ^-'^ has based upon this property of spontaneous emulsion,

a method for the quantitative determination of the acidity of fats

and oils. A Y^ per cent, solution of sodium carbonate was

applied as the alkaline fluid ; the i^naximum spontaneous emulsion

was then given by oils which contained 5.5 per cent, of free acid.

A larger quantity of free acid produced an incomplete emulsion.

If an oil contained more than 5.5 per cent, of free acid, by a

series of successive approximations, neutral oil was added to

the acid oil, until the latter contained just 5.5 per cent, of free

acid, and produced a maximum spontaneous emulsion. The

acidity of the undiluted acid fat was then calculated from the

degree of dilution. The method was used in studying the hydrol-

ysis of oils, which was produced by the action of pancreatic

juice. It may be mentioned that Groger ^-"^ has devised a
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method for the separation of the neutral glycerides from the

free acids of a fat or oil.

The rancidity of. a fat or oil may be due to the presence of

either aldehydes or volatile esters. Nagle^^^ states that rancid

fats contain the following substances in variable quantities

:

(a) Free fatty acids, both saturated and unsaturated.

(b) Hydroxy acids of the fatty acid series.

(c) Lactones and anhydrides of fatty acids.

(d) Alcohols, e.g., butyl, amyl, caproyl and capryl alcohols.

(e) Esters of unsaturated, of saturated and of hydroxy acids

of the fatty acid series, with higher and sometimes also poly-

hydric alcohols, e.g., butyl, caproyl, capryl alcohol and glycol.

(/) Aldehydes, both saturated and unsaturated, e.g., butyric,

caproic and capr}dic aldehydes, acrolein, and oenanthol.

(g) Acetals or esters of the above aldehydes and alcohols.

(h) Terpenes.

Nagle gives a method for the purification or refining of

rancid fats and oils, which contain the above products of decom-

position. Lewkowitsch ^2*^ points out that the chief fault in

Xagle's paper lies in the fact that he does not state how the

presence of the various compounds was proved.

Marx^^^ suggests that aldehydes are the real cause of ran-

cidity. In a second paper ^^'~ he shows that aldehydes are

actually present in rancid fats.

Schmid ^^* introduced the following test for the presence

of aldehydes and ketones in fats and oils. A mixture of 20

grammes of the fat or oil and 100 c.c. of water is distilled in

a current of steam. The distillate is received by a 100 c.c. gradu-

ated flask, into which 5 c.c. of a freshly prepared i per cent,

solution of m-phenylene diamine hydrochloride have been intro-

duced. Schmid states that, in his experiments, the distinction

in color between the distillates from fresh fats and those from

rancid fats was similar to the distinction in color between pure

water and sewage water, as obtained by the Nessler test. The
distillates from fresh fats showed a faint trace of yellowish

color, while the distillates from rancid fats were characterized

by a color varying between a strong yellow and a yellow-brown.

A decided difference was observed in the color produced by fresh

fat and rancid fat, when 20 grammes of the molten fat were
shaken with i c.c. of a i per cent, solution of m-phenylene

diamine hydrochloride.
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Mayrhofer ^^'-^ states that every butter contains constituents

which are volatile in steam and i)artake of the nature of aldehydes

or ketones. They reduce ammoniacal silver solution, and form
colors with fuchsin sulphurous acid and m-phenylene diamine.

He attempted to determine the quantity of these compounds,
which were present in the distillate, by oxidation with potassium

permanganate in alkaline solution, by precipitation of silver from
an ammoniacal solution and by the intensity of the color with

fuchsin sulphurous acid. The results obtained by oxidation with

permanganate in alkaline solution were the most satisfactory.

Rancid butter and that manufactured from sour cream always

gave a reduction with ammoniacal silver solution.

Bianchi ^^* recommends that fuchsin sulphurous acid be pre-

pared by mixing the following reagents in the given order:

30 c.c. of an 0.1 per cent, solution of fuchsin.

20 c.c. of sodium bisulphite solution of 34° Banme.
200 c.c. of water.

3 c.c. of sulphuric acid of 66° Baume.
Ten c.c. of the reagent and 2 c.c. of the oil are mixed ; the maxi-

mum color is produced within thirty minutes. Oils, which are

not rancid, either produce no color or give an exceedingly slight

tint. Rancid oils give rise to a violet color in the layer of oil;

oils which are particularly rancid also produce a slight coloration

in the aqueous layer. The test may be applied to molten fats.

Amthor " has devised a method for the measurement of the

rancidity, when that phenomenon is caused by the presence of

volatile esters. Ten grammes of butter are distilled in a current

of steam until 500 c.c. of distillate have collected. The distillate

is exactly neutralized with
^l

alkaline hydroxide : 50 c.c. of
;^

hydroxide are added and the solution is heated for 30 minutes

beneath a reflux condenser, in order to saponify the esters. The
excess of alkali is then titrated, and the quantity of esters calcu-

lated. Of course, the preliminary neutralization measures the

quantity of free volatile acids.

CONCLUSION.

In all probability, organisms are unable to subsist upon abso-

lutely pure and sweet fats and oils. If even slight quantities of

nitrogenous compounds, either organic or inorganic, be present

in a fat. they serve as a source of nutriment for organisms, which

Vol. CLXIX, No. 1009—4
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then thrive upon the fat and give rise to changes in its coniixjsi-

tion. Organisms are apparently able to subsist upon rancid fats.

The bacteria, which decompose fat, are alwa}S aerobes and,

almost invariably, liquefiers. One group of bacteria merely splits

the glycerides and thus increases the acidity of the fat. A
second group first hydrolyzes the glycerides, then consumes the

liberated fatt}^ acids of lower molecular weight, and thus gives

rise to an increase in acidity, iodine number and probably Hehner
number; and to a decrease in saponification and Reichert-Meissl

numbers. A third group splits the fats, then consumes the liber-

ated fatty acids of both high and low molecular weight; the

acidity of the fat necessarily increases. As a rule moulds pro-

duce hydrolysis, then consume the liberated volatile acids and

thus cause higher values in the acidity, iodine number and prob-

ably Hehner number, and lower values in the saponification and

Reichert-Meissl numbers. While the bacteria and most of the

moulds attack only free glycerol, certain moulds attack the com-

bined glycerol of fats and form odoriferous esters. Some yeasts

produce hydrolysis of the glycerides, w hile other yeasts attack the

combined glycerol with the formation of compounds of ethereal

odor. There is positive proof that many fat-splitting organisms

secrete enzymes by means of which hydrolysis is produced
;
possi-

bly all lipolytic organisms act by virtue of lipases.

The enzyme lipase, sometimes called steapsin, is widely dis-

seminated in Nature. It occurs in the seeds of many plants and

in many animal tissues. Lipase is able not only to split esters

and glycerides, but also to synthesize them from a mixture of

acid and alcohol or glycerol. The enzyme which acts best at a

moderately elevated temperature may produce complete hydrol-

ysis of fats; this is especially true of the vegetable lipase. The
relation of the enzyme catalase to the chemistrv of the fats, if

such a relation exist, is at present but little understood.

Of the atmospheric gases, nitrogen has no action upon fats

and oils. Carbon dioxide causes a tallowv taste and an increase

in acidity. Moisture hydrolyzes the glycerides, especially in the

presence of a lipase, heat or light. Oxygen increases the specific

gravity, melting point, refractive index, aciditv and saponifica-

tion number and at times the Reichert-Meissl number; and de-

creases the heat of combustion, iodine. and Hehner numbers.

Acids of lower carbon content, which belong to both the fatty

and oxalic series, are formed, as are hvdroxv acids and lactones;
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aldehydes and active oxygen fref|iieiitly occur in such fats. Many
of these changes may be explained by the oxidation of the in-

soluble fatty acids; the glycerol is frequently oxidized. Oxi-

dized fats possess a rancid smell and taste. Fine division of an

oil, e.g., its absorption by means (jf wool, greatly accelerates the

oxidation. Ozone forms compounds with unsaturated acids and

their glycerides, usually by addition at the double bonds.

Light, as well as heat, may produce botli stereochemical and

purely chemical changes in fats and oils. Both heat and light

may give rise to polymerization. Light may change maleic

forms to their geometric isomerides of the fumaric type. Heat

may cause a shifting of double bonds. Both heat and light

greatly accelerate the action of moisture and thus aid in increas-

ing the acidity. Both accelerate the action of oxygen and thus

play a part in decreasing the iodine number. Fats and oils,

which have been exposed to the action of light, respond to certain

color-forming reagents, long before changes may be detected

organoleptically. Cold may somewhat retard, but does not stop

the action of the natural forces upon glycerides.

'

Fats may be acid, or rancid, or acid and rancid. In acid fats

the content in free fatty acids has become rather high by the

hydrolysis of the glycerides. This hydrolysis has been produced

by the action of organisms, by their enzymes, by tissue lipases,

by the action of water in the presence of light, or by the action

of heat. The rancidity of rancid fats is due to the presence of

aldehydes or of odoriferous esters. Aldehydes are formed by

oxidation of the fats and oils, especially of the small quantity

of free fatty acid which occurs nomially in fats. Esters are

produced by the action of certain moulds and yeasts which can

attack combined glycerol. In fats which are both rancid and

acid more complex forces have been at work. The high acidity

may be explained by the action of one or several of the acid-

forming forces. "Avhile the rancidity is due to subsequent oxidation

of the liberated acids or glycerol or of both. Then certain organ-

isms, especially some of the moulds, have power not only to

hydrolyze fats but also to attack combined glycerol with the

production of esters ; such organisms may thus give rise to both

acidity and rancidity at the same time. Finally it is quite pos-

sible that acid-fonning forces, oxidation, and ester-forming

organisins mav all act simultaneously with production of both

ranciditv and acidity. Acidity may easily be measured quantita-
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tively by solution of the fat in a suitable solvent and titration of

the free fatty acids. Rancidity is more difficult to measure,

some investigators advise distillation of the rancid fat with steam

and colorimetric detennination of the aldehydes in the distillate,

others have attempted to detennine the content of volatile esters.

Although, from their chemical nature, fats and oils appear to

be stable bodies, yet they are exceedingly susceptible to the forces

of Nature, which call forth many changes in the chemical, physi-

cal and organoleptic properties of the glycerides. Organisms,

their enzymes, tissue enzymes, the gases of the atmosphere, heat

and light all play a part in producing these changes, which finally

lead to those two related, but not identical, phenomena—acidity

and rancidity.

[The author desires to acknowledge his indebtedness to Dr. M. E. Pen-
nington and to Dr. E. Q. St. John, for assistance and valuable suggestions
in the preparation of this paper.]
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[Hakelite is a liquid compound of phenol and formaldehyde which on
solidification resembles amber in appearance and when used in combination
with wood, paper, asbestos, graphite and other substances produces a solid

non-resistant, non-inflammable insulating material which promises to have
many applications in various industries.]

It has long been known that formaldehyde may react upon

phenolic bodies in various complex ways resulting in products

very unlike in chemical and physical properties. Some of these

so-called condensation products are soluble in water; under

some conditions they become crystalline, under others amorphous

and resin-like.

The product to which the name " bakelite " has been applied

is of the latter type. It is a most inert body being infusible and

insoluble in all ordinary solvents and capable of withstanding

the action of almost all chemicals. It resembles, somewhat, in

some of its properties, amber, hard-rubber, and the celluloids.

The history, the chemical considerations, and the experi-

mental investigations, that led to the production of a material

of commercial value have been described at length in previous

papers and, therefore, will not be considered at this time.* The
mode of prejiaration. however, having an intimate relation to

its possible applications, must be briefly reviewed.

The preparation of bakelite may be carried on in a single

operation or in several stages, each stage furnishing a product

having distinct properties. Ordinarily three stages of transfor-

*Jour. of Industrial and Engineering Chemistry, Mar.. 1909: Idem,
Aug., igoQ; Transactions of the Am. Electrochemical Soc, May, 1909.
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mation are employed in each of which the material acquires

distinct properties. In these successive forms it may be desig-

nated respectively, bakelite A, bakelite B, and bakelite C. The

preparation of these condensation products A and B, and their

ultimate transformation into C for technical purposes, constitute

the bakelite process.

Bakelite A is prepared by adding to about equal amounts of

phenol and formaldehyde a small quantity of an alkaline con-

densing agent and gently heating. The mixture separates into

two layers, the upper, a supernatant aqueous solution ; the lower,

a layer of heavy liquid which is bakelite A.

There may be thus obtained, at will, either a thin liquid called

thin A or a more viscous mass, viscous ^ or a pasty A or even,

if the react'ion be carried far enough, a solid A.

The condensation agents best adapted to the reaction are

alkaline salts, or salts, which in hydrolyzing split into weak acids

and strong bases such as sodium acetate, the alkaline carbonates,

borax, sodium sulphite, etc. These must be employed in relatively

small quantities to secure the desired results. Acid condensing

agents may also be employed but these result in the formation

of soluble and fusible resins while the bases yield an insoluble

and infusible product. Moreover, as there may remain in the

final product traces of the condensing agent, the advantage of

employing a base rather than an acid is obvious.

At ordinary temperature, A may be liquid or viscous or

pasty or solid. It is soluble in alcohol, acetone, phenol, glycerine

and similar solvents. It is also soluble in NaOH. Solid A is

very brittle and melts if heated. All varieties of A heated long

enough under suitable conditions, will change first to B and

finally into C.

B is sold at all temperatures, brittle and somewhat harder

than A at ordinary temperatures. It is insoluble in all solvents

but may swell in acetone or phenol without entering into com-

plete solution. If heated it does not melt but softens decidedly

and becomes elastic and somewhat rubber-like and on cooling

becomes again hard and brittle. Further heating under suitable

conditions changes it into C. Although infusible, B can be

molded under pressure in a hot mould to a homogenous coherent

mass which can be further changed to C by the proper application

of heat.
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C is infusible in all solvents, unattacked by acetone, indiffer-

ent to ordinary acids or to alkaline solutions and yields only to

the action of boiling concentrated sulphuric acid and to nitric

acid. It does not seriously soften if heated and the temperature

may with safety be raised to 300° C. At much higher tem-

perature it chars without entering into fusion.

Bakelite C is an excellent insulator both of heat and electricity

and has a specific gravity of about 1.25. It is very hard and

cannot be scratched with the finger nail, in which respect it is

far superior to shellac or even to hard rubber and celluloid

but lacks the great elasticity and flexibility of hard rubber and

celluloid, and this is its most serious drawback.

Bakelite A heated above 100° C. without any i)recaution

produces a spongy mass of C due to the evolution of gases

from the decomposition of the condensation product. This is

entirely avoided by heating the product in a bakelizer, a closed

vessel subjected to an air pressure of 50 or, better, 100 lbs. per

square inch and a solid homogeneous mass of bakelite C of the

exact shape of the recipient is assured.

Instead of pouring liquid A into a mould to form an object

of the desired shape of solid bakelite. it may be applied as a

coating to an object of different material, such as wood, which,

after treatment in a bakelizer, acquires a hard brilliant coat of

bakelite, superior to any varnish or the most expensive Japanese

lacquer. Better still, by using a more liquid form of A, soft

wood may be impregnated with it resulting, after bakelizing. in

the equivalent of a very hard wood, proof against dry rot. dilute

acids, water, and steam. Indeed, in this application to the

transformation of cheap soft woods with a material having the

properties of the most expensive hard wood, the process promises

most fruitful results.

As a binder, for all inert filling materials such as sawdust,

woodpulp, asbestos, bakelite has a wide field of application.

Among the more impressive applications of this class may l)e

mentioned its use in the manufacture of grindstones and again

in the manufacture of oilless bearings of which the aggregate

is graphite. Mixed with fine sand or slate dust it can be applied

in the form of a dough to the inside of metallic pipes, containers

or pumps, which, after bakelizing. produces an acid-proof lining

verv useful in chemical engineering. .Among other applications
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may be named, steam and acid-proof valves and steam packings,

phonograph records and the thousand and one other articles of

domestic and industrial utility now made of hard rubber, celluloid

or kindred substances.

In the electrical industry bakelite has already received the

test of some actual use. There too its possible applications are

numerous. Armatures and field coils of dynamos and motors

instead of being treated w-ith ordinary resinous varnishes can

be impregnated with A, which treated in a bakelizer becomes a

solid, infusible, insulating mass. This may ultimately permit an

increase of the allowable overload in motors and dynamos by

eliminating the possibility of the melting or softening of such

insulating varnishes as are now used. This part of the subject

has not, as yet, received more than preliminary investigation,

and, for the present, may be dismissed for a consideration of

what has already been achieved in the production of moulded

insulators, which have been manufactured successfully for

several months.

The element of time is a most important feature in moulding

operations. To insure economy of manufacture, the moulds

whose first cost is generally high, must remain in use not longer

than a determinate time for each piece moulded. For that

reason the methods that are employed require the use of the

mould for the very minimum of time.

As stated above the use of bases permits the production of

a variety of A that is solid though still fusible. This is as

brittle as ordinary rosin and can be pulverized and mixed with

suitable filling materials. A mixture of this kind is introduced

in a mould and subjected to pressure at a temperature ranging
from 160° to 200° C. The bakelite A melts, impregnating the

filler and at the same time is rapidly transformed into bakelite B.

The latter, as has been noted, is infusible and the object moulded
can therefore be expelled from the mould without changing its

form after a very short time and the mould can now be refilled.

The moulded articles now in condition B. may at any convenient

time be placed in the bakelizer without the use of any moulds
and finally transfonned into bakelite C of maximum strength,

hardness, and resisting power.

For electric insulators which are subjected to high tempera-
tures, mineral fillers such as finely ground asbestos, clay or mica
should be used. If the temperature specifications are not im-
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portant, organic fillers like woodpulj) or grouncl sawdust are

available and furnish suitable moulding compositions of which

the insulating coefficient is frequently higher than that of

asbestos.

Not enough experience has yet been gathered to determine

the relative merits of porcelain and bakelite-asbestos or bakelite-

mica insulators for higii voltage insulation. But for insulation

in third-rail systems where the vibration of passing trains is very

destructive to the porcelain, bakelite-asbestos has indicated de-

cided superiority after several months of continuous service as

well as by direct laboratory tests. Besides greater strength it

has shown more regularity in manufacture and allows more
accurate moulding, permitting closer designs with a smaller

margin of safety. It has the further merit that there is no

difficulty whatever in imbedding metallic parts like bolts, cores,

screws, washers or reinforcing members in the moulded mass.

The tables which follow are condensed from some compara-

tive results communicated by users of bakelite who previously

had acquired great skill in tlic manufacture of other excellent

insulating compounds.

Mechanical Strength Tests.

No. Name of piece.

Square tube
Thickness .103 inches.

Bakelite. Remarks.

Asbestos hard-rubber compo-
sition I 700 pounds.

Transverse strength,6-inch cen-
tres, 1850 pounds

8 Rait insulator
|
Ultimate strength compression Porcelain 45,000 to 85.000

I

96,000 to 1 10.000 pounds pounds.

J

Ultimate strength tension. Porcelain 1400 to ajoo
3200 to 5500 pounds pounds.

I

Impact test, no limit found for Porcelain 38 to loo blows.

I

same blow as porcelain was
I

submitted to

9
I

Cup piece, hollow cylin- Ultimate compressive strength Loaded on top.

I

der 3 inches high, if 2550 pounds
inches diameter. .045
inch thick

No. Name of piece.

Heat Tests.

Bakelite. Remarks.

10
i

Valve interior At 265 pounds, steam about No effect on the composition.
I 460° Fah. for one hour

11 ' Packing nut graphite Tight at 65 pounds, steam 200 Could turn 3 inch shaft by-
composition r. p. m. hand.
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Electrical Tests.

No. Name of piece. Bakelite. Remarks.

Spool

Square tube
Thickness .103 inch

Washer
Thickness .062 inch

Discs of various composi-
tions

Thickness .0625 inch .

.

Thickness .162 inch ..

Thickness .165 inch .

.

Thickness .375 inch .

.

Disc
Thickness .095 inch . .

.

Cup insulator
Thickness .375 inch . .

.

Line insulator

Rail insulator

Punctured at iG.ooo to 18,000 Asbestos hard-rubber compo-
volts I sition punctured at 4000 to

8000 volts.

Punctures at 2 1 ,000 volts Asbestos hard-rubber compo-
I sition punctured at 17,000

I

volts.

Punctured at 20,000 volts
,

Asbestos hard-rubber compo-
sition punctured at 11,000

,

volts.

Punctured at 45,000 volts These tests are still unfinished
Punctured at 31,000 volts and were made on various
Punctured at 22,000 volts ' bakelite compositions.
Punctured at 42,000 volts None on pure bakelite.

Punctured at iS.ooo volts Asbestos hard-rubbsr compo-
sition punctured at 1500
volts.

Punctured at 42,500 volts.

Arc to pin, dry at 50,000 volts
i
Used on 11,500 volt line.

Resistance dry, 5625 megohms
|

Porcelain resistance dry, 4550
megohms.

Resistance wet, 0.5 to 65 Porcelain resistance wet, 0.2

megohms to 10 megohms.
(These tests are only approxi-

mate in megohms)
Arc over hook bolt to rail 1 Porce 1 ain arc over 26,400

27,000 volts I volts.

Note.—All of the bakelite insulation shows an unusual uniform resistance at varying tem-
peratures from 0° to 300° Centigrade and does not soften at much higher temperatures. Most
of the insulation contained about J bakelite and 3 finely divided asbestos.

SMOKE PREVENTION.
REPORT BY THE UNITED STATES GEOLOGICAL SURVEY.

Among the recent discussions of the smoke nuisance and waste, and
their remedies, is a report of the United States Geological Survey numbered
Bulletin 2,72>, by D. T. Randall and H. W. Weeks, entitled " The Smokeless
Combustion of Coal in Boiler Plants."

The burning of coal without smoke is a problem that concerns the

Government directly because of the advantages of smokeless combustion in

boiler plants installed in public buildings and on naval vessels, and the

Survey's technical experts have therefore made careful and thorough tests

to determine the conditions necessary to prevent smoke.
Studies were made in thirteen of the larger cities of the country,

more than 400 plants have been examined. The report gives in detail

the results of the observations made at these plants, together with the

results of smoke tests and observations made at the Survey's fuel-testing

plants at Norfolk and St. Louis.
The conclusions reached show that in properly constructed plants smoke

prevention is possible and is economically desirable, though in ordinary
boiler furnaces only coals containing large percentages of fixed carbon can
be burned without smoke except by expert firemen. Of the existing plants

some can be remodeled with advantage ; others must continue to burn
coals that are high in fixed carbon nr to burn other coals with inefficient

results and more or less smokf. To replace these inefficient plants with
new, well-designed enuipments is tlic only remedy for the loss and the

nuisance they occasion.



THE TESTING OF EXPLOSIVES WITH REGARD TO
THEIR ADMISSION FOR TRANSPORTATION.

BY

GEH. REG. RAT PROF. DR. W. WILL.

[Translated from the Zeit. fiir das gcsamte Schiess- und SprengstofFwesen
for August 15, 1909. By W. J. Williams, F.I.C.].

For some time past there has been in progress a revision of

the regulations governing the testing of explosives and powder

in relation to their acceptance for transportation, to be incor-

porated in the new German Railroad Traffic Regulations. The
Commission appointed to conduct the investigation and formulate

a code of rules has arrived at a provisional conclusion and

the results which are presented in the accompanying specifi-

cations have been embodied in section Cla of the Railroad Traffic

Regulations.

In pursuing this investigation the endeavor was made to fol-

low the plan indicated in the writer's communication on the

subject to the Sixth International Congress in Rome and to

make the conditions under which explosives may be safely trans-

ported dependent upon a series of investigations. Broadly con-

sidered, these consist of definite methods of determining the

properties which appear of importance as endangering traffic.

Besides the chemical composition there should be determined

the stability in storage, the behavior on ignition, the sensitiveness

to mechanical influences the possibility of intermixture and other

hazardous features. Further, there is to be taken into considera-

tion to what extent the reciprocal influences of materials packed

together or shipped together would be productive of danger.

According to the Railroad Traffic Regulations, explosives

consist of those explosively dangerous substances which can

only be provisionally accepted for forwarding. All substances

capable of explosion are included, with the limitation that certain

explosive substances, such as those which are not used for shoot-

ing and blasting, those which do not explode on ignition and
those which are not more sensitive to shocks and blows than di-

61
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nitro-benzol are not considered explosives within the meaning of

the regulations.

It appeared desirable to classify explosives under three funda-

mental groups, namely: (I) high explosives, (II) powders

and (IIIj other substances capable of explosion, and the two

first again into sub-groups.

Group I.—The high explosives include :

1. Ammonium nitrate explosives.

2. Organic nitro-compounds.

3. Nitrated chlorhydrin.

4. Nitro-cellulose.

5. Chlorate and perchlorate explosives.

6. Black powder and similar explosives.

7. Dynamite and similar explosives.

Group II.—The pozvders include :

1. Smokeless colloided nitro-cellulose powder without nitroglycerin.

2. Smokeless colloided nitro-cellulose powder containing nitroglycerin.

3. Black powder.

According to the result of the investigation it was shown

which explosives could be accepted in packages for transporta-

tion as explosives safe in handling in unlimited quantities.

Classified under their respective groups these are

:

Under Group I.—The so-called ammonium nitrate explosives,

the not dangerous nitro-compounds, damp nitro-cellulose and

certain explosives similar to black powder.

Under Group II.—Explosives which can only be carried in

packages in quantities not exceeding 200 kilograms (440 lbs.)

which include : the more insensitive chlorate and per-chlorate ex-

plosives; wet organic nitro-compounds which are more danger-

ous than picric acid; nitrated chlorhydrin.

Under Group III.—Explosives which can only be carried in

si)ecial car loads, such as dynamite ; the more dangerous black

powders ;
gun-cotton and collodion-cotton ; chlorate and per-

chlorate explosives.

Powders may be forwarded in packages in unlimited quanti-

ties, either as in Group I, including smokeless nitro-cellulose

powders (also tho.se containing nitroglycerin) which are well

colloided and have certain definite conditions of stability, or as in

Group II only in car-loads, which include those nitro-cellulose

powders which do not attain these conditions of stability, black



Testing Explosives. 63

powder for shooting purposes (as a propellant) and similar

powders.

If certain regulations as to packing are followed, these shoot-

ing powders of Group II can be forwarded in packages in quanti-

ties up to 200 kilograms (440 lbs.).

The admission of an explosive to railroad transportation,

under any one of these groups, is governed by the results of the

above mentioned tests, wherein it has shown itself to be as safe as

those well known and comparable explosives tested simultane-

ously.

The methods of testing will be described later by my col-

league, but it may be said in advance that such explosives as may
be admitted to transportation in packages must have their respec-

tive composition and properties described as accurately as pos-

sible. For transportation in car-loads and with more stringent

precautionary measures wider limits may be permitted in this

respect.

This list at once becomes very large. This must, however,

be tolerated until our experience in the mode of procedure is con-

siderably increased. It may later be possible to simplify matters

by including the single types in definite groups determined by

numerous experimental researches.

It can be foreseen that an enlargement or the abolition of

groups may be necessary, but such a preliminary attempt in the

classification of explosives for transport based on systematic

experimental tests may develop many errors, especially, as a com-

paratively short time was available for conducting the investiga-

tion. Despite this, the new ordinance appears an advance in

safeguarding traffic and to be beneficial to the explosive industry

in contrast to the regulations in force before their adoption.

The explosive manufacturer can now adapt his method of

production to the prescribed requirements in keeping with the

strictly defined tests and with the traffic regulations.

Further, it may be hoped that the prescribed tests will serve

to prevent the appearance in commerce of such explosives as

are prepared without adequate technical knowledge which are.

on that account, dangerous in handling and in transit, and that

the results based on extensive experimental work will prove of

value in framing international traffic regulations.
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BY

PROF. DR. F. LENZE.
CHARLOTTENBURG.

[Translated from the Zeit. fur das gesamte Schiess- und Sprengstoffwesen,

for August 15, 1909. By W. J. Williams, F. I. C]

In a previous article the investigations for the testing of ex-

plosives with a view to their admission to railroad transportation,

recently promulgated in Germany, were briefl)^ reviewed. They

consisted, chiefly, in the determination of those properties which

affect their safety in transportation and are, therefore, of impor-

tance in relation to jeopardizing traffic. These are : (a) Stability

in Storage, (b) Sensitiveness to Mechanical Influences (Blozvs

and Friction), (c) Inflammability and Liability to Explosion in

Fire or from the Influence of High Temperature generally.

The most important of these properties appears to be the

liability to explosion in fire or from high temperatures, since the

manufacturer, in his own interest, may be relied upon to supply

an explosive that shall be sufficiently stable, while the risk from
sensitiveness to blows and friction is rendered of less importance

by the enforcement of the rules for safe packing provided for in

the case of explosives by special rules in the Railroad Traffic

Regulations. Unquestionably, suitable packing insures proper

protection to the explosive from the influence of shocks and
blows. Repeated experiments carried out on a large scale (vio-

lent falls of original boxes of dynamite and chlorate explosives

from a heigh of 10 meters (32.8 feet) on paved floors, or the

dropping of a 50 kilogramme (iio lb.) weight from this height

on similar boxes) have proven this.

On account of the great importance with which these prop-

erties of explosives are regarded in relation to their conveyance,

a method of testing has been specified for such high explo-

sives, with the exception of nitro-chlorhydrin and nitro-celluloses

containing water and alcohol. Moreover, their composition must
be determined quantitatively, their reaction with litmus, their

64
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tendency to form salts and other properties, (e.g., capability of

intermixturej which may require investigation on account of the

special nature oi the explosive. Thus the composite ammonium
nitrate ex]}losives are tested for safety of intermixture by the

shaking- (agitator) test; the ammonium nitrate explosives contain-

ing nitro-glycerin are especially tested for the exudation of nitro-

glycerin on the addition of water; the simple nitro-compounds

are tested for their tendency to form salts (e.g., the formation of

picrates) ; the nitro-celluloses for their content of water and

alcohol, for admixtures (such as barium nitrate) and for their

stability by a special explosion test at 145^ C. ; the chlorate ex-

plosives for their safety of intermixture (as with ammonium
nitrate explosives) and for their l^ehavior in alternate damp and

dry storage; the dynamites are examined for the exudation of

nitro-glycerin by sweating in heat (30" C. ).

An explosive which has been in practical use for many years

and whose properties are accurately known serves as a standard

for all tests. These consist, then, of the determination of com-
parative and not of absolute values.

For powders, in addition to the testing of the tinished pro-

duct, there is specified an investigation of the ingredients, such as

nitro-cellulose and nitro-glycerin. for their chemical stability b}"

special methods, and for their purity. The test for finished pow-
der consists in the determination of its chemical stability and its

tendency to explosion in comparison with a powder of known
composition. The test for tendency to explosion is of particular

significance in judging of the danger from the pow'der during

transit. This applies, also, to the explosives mentioned above.

A special test of the powder for its stability under prolonged

storage is not essential as that feature is covered by the stability

tests of the ingredients (nitro-cellulose and nitro-glycerin) and

that of the tinished powder at 132° and at 120° C, according

to circumstances, and the determination of the explosion point of

both components.

The most diverse products of chemical industry liable to explo-

sion which enter into the question of conveyance by railroads

as well as explosives and powders, are tested in a similar way
to the nitro-compounds of the aromatic series for sensitiveness

to mechanical influences and tendency' to explosion. For these,

picric acid is taken as the standard for comparison.

Vol.. CLXIX, No. 1009—5
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Aiost of these methods have ah-eady Ijeen proved rehable by

the investigations of the Imperial Governmental Railroad Bureau

covering a period of years. To some extent they were proposed

even earlier for this purpose by the Royal Military Experimental

Bureau.

It is not possible here to describe in complete detail the above-

mentioned tests which have been prescribed for explosives ad-

missible to conveyance on railroads. It is, however, established

that the methods specified for testing explosives according to

section Cla of the Railroad Trafiic Regulations have proved

more or less satisfactory. Only those methods will here be

briefly considered which are of particular significance in the de-

termination of the danger from explosives during transportation,

such as: (a) The determination of stability during storage at

75° C. {h) The determination of sensitiveness to blows by

means of the drop-hammer apparatus, (c) The test of liability

to explosion.

a. The testing of explosives for storage stability consists

of long continued storage of lo grammes in loosely closed bottles

at about 75° C. in thermostats or, better, in an oven heated by

carbon tetrachloride (boiling point 76"—77^^ C. ). It is pre-

scribed that the explosive shall be stored 48 hours without show-

ing visible change, which may be recognized generally by the

appearance of vellow fumes (nitrogen oxides), by a peculiar odor

or color, by large loss of weight, and so on. Actually, all the

hitherto admitted explosixes withstand this test for more than

eight days, including- ammonium nitrate explosives, nitro-com-

pounds, chlorate explosives, black jxjwder and explosives similar

to black powder, and, also, many explosives containing dynamite

while those of the first five groups may withstand the test several

weeks. The method of storage at 'j-^'' C. at which, moreover, the

simultaneous te.st of a standard explosive is specified, is. in the

writer's estimation, especially adapted for the determination of

stability, since the test carried out at a comparatively low tem-

perature, and extending over a long period of time more nearly

simulates practical circumstances than the so-called heat tests

which are carried out at a considerably higher temperature (over
100° C.) and are used for testing nitro-cellulose and nitro-cellu-

lose powder for stability. Such high temperatures are in many
cases too great a strain for explosives when the presence of
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nitro-glycerin and of other Ijodies of low stability is consirk-red.

The so-called tests (e.g., Abel's test) in which the l^ginning

of the deconipcjsition is shown by the coloring of a test paper

or in a similar way, do not appear suitable for the alxjve-nien-

tioned purpose taking into consideration the extraordinary di-

versity in the composition of explosives and considering that

certain explosives are compounded of very many ingredients and

that the phenomena of decomposition of one of these ingredients

may easily mask those of another. Furthermore, such tests

cannot be applied with advantage for the reason that technical

products (e.g., di- or tri-nitrotoluol) may be used in the comj^o-

sition of exi)losives. These products are not prepared by the

manufacturers with the highest degree of purity and are not in-

tended to be so used. Another reason is that sometimes sul>

stances are incorporated in explosives which readily yield oxygen

or are easily \olatilized and would thus affect the reaction.

These and many other causes make the test show a change

which has no relation to the actual decomposition of the explo-

sive. Such a method in the opinion of the writer is generally

too sensitive.

Undoubtedly the test at 75^ C. takes a somewhat long time,

but for that reason it is. in most cases, more reliable than those

above mentioned. If the process were perfected so as to l>e

exactly suitable to the occasion, it might fitly l)e termed the " nor-

mai test for the dctenninatiou of the stability of e.vfylusiz'es."

b. Concerning the usual method for testing the sensitive-

ness to percussion by means of the drop-hammer apparatus,

adopted in the Railroad Traffic Regulations as one of their

specified tests for explosives, reference may be made to the

writer's rejwrt to the Sixth International Congress at Rome in

1906 upon tests for sensitiveness and the droi>hammer method.

It may, however, be observed that the piston apparatus descril)ed

in my earlier report and constructed by Dr. Kast has given go<)d

results in extended experiments by the Military Experimental

Bureau. The communications of Dr. Kast (Zeit. fiir das. ges.

Sch.- und Spr., j^age 263) on the subject may also be compared.

e. As has been previously remarked, the testing of explo-

sives for liability to e.vf>losio)i is of the greatest importance in

judging of the hazard from such explosives in transport. The

object in view is to obtain data upon their tendency to detonate
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in case they should catch fire during transportation in large quan-

tities on the railroad and also to determine whether a mass

detonation is to be feared in such a fire. No exact method is,

as yet, available for determining this property and reliance must,

therefore, be placed upon empirical methods.

To arrive at the safest conclusion as to the liability to

explosion, different methods have been chosen which collectvely

enable the behavior of the explosion on ignition to be determined,

the conditions being made as diverse as possible. The detailed

methods are as follows

:

1. As a test for inflammability—the action of the flash of a

Bickford fuse on 3 grams of the sample.

2. To detemiine the pJicnomena of decomposition by slow

heating—heating small samples from o. i to 0.5 grams to explo-

sion or complete decomposition.

3. To determine the phenomena of combustion and eventual

explosion by instantaneous overheating—by throwing 5 grams

on a red hot iron plate.

4. To determine the effect of a fierce fire on a confined ex-

plosive—by calcining in a wood fire from 500 to 1000 grams,

according to the density of the explosive, in sheet iron cases.

At the same time comparative experiments are made in each of

these trials with explosives whose behavior is accurately known
from investigations frequently made in the past.

From the data obtained by these specal methods for determin-

ing the liability to explosion it may be seen without going

farther, that in their selection allowance must be made for the

possibilities which may arise from such an ignition. Experience

has shown that all the methods taken together lead to a safe con-

clusion as to the greater or lesser liability to explosion, and more-

over, to the proneness of the explosive to explode in a fire.

The liability to explosion of powders is tested by the deter-

mination of the behavior of a charge of 0.54 grams in a Trauzl

lead block when ignited by a fulminating cap. A nitro-glycerin

powder of known composition and of medium force senses for

comparison. This method has been used for many years by the

Royal Militaiy Experimental Bureau as the basis of searching

investigations on the various smokeless militarv and sporting

powders and especially for the determination of their power.
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which is characteristic of the tendency of the powder to explode

in the packed conchtion in weak confinement.

This briefly outhnes the more important methods now used in

Germany for testing explosives which may be admitted to trans-

portation on railroads. It should also be pointed out that the

investigations undertaken by these methods must be supplemented

by experiments on the large scale in those cases where there is

a doubt as to which traffic-group the explosives should be as-

signed.

In conclusion I may remark that the regulations for testing

explosives for admission to railroad transportation were drawn
up after a large proportion of existent explosive materials had
been tested in the most exhaustive way experimentally in two
places, by already known, and by the newly devised, methods.

These experimental investigations formed the basis upon which

the testing regulations were founded, and were undertaken on

the one hand by Privy Councillor Will at the Central Station

for Scientific and Technical Investigation, at Neubabelsburg

and on the other hand by myself, with the collaboration of Dr.

Kast, in the Royal Military Experiniental Bureau.

SPIRIT LEVELING IN WEST VIRGINIA.

A REFERENCE BOOK FOR ENGINEERS.

The United States Geological Survey has published, as Bulletin 399, a
compilation, by S. S. Gannett and D. H. Baldwin, of the results of the
spirit leveling done by the Survey in West Virginia during the years 1896
to 1908, inclusive. The work for the eight years since 1900 was done in
co-operation with the West Virginia Geological Survey. This volume srives

descriptions and elevations above mean sea level of bcncli marks in 48
counties, furnishing vertical control for nearly half of the State. The number
of points whose elevation is thus given is nearly 1200. This bulletin will
be found convenient for reference by every engineer or surveyor who has
work to do in the State and by others who desire to know the exact
elevation of any particular point.



DR. CHARLES B. DUDLEY.

1 842-1 909.

The death of Dr. Dudley marks the completion of the life-

work of an engineer whose services to the profession have been

of the greatest value, both commercially and with respect to its

scientific progress. The profession owes him a large debt for

the thirty-four years during which he was chemist for the Penn-

sylvania Railroad, in which capacity he not only rendered invalu-

able service to that corporation but also to the profession at

large bv the publication of the results of many investigations.

The title " Chief Chemist," by which he was officially known,

but inadequately defines the diversified character of his routine

duties and the many special investigations which he undertook.

These necessitated a thorough scientific training coupled with an

intimate acquaintance with .the practical problems peculiar to the

operation of a large railroad system. His versatility and appreci-

ation of the many sides of questions connected with railway prac-

tice are attested by the number and value of the papers he

contributed to the technical press and presented to the various

technical societies with which he was identified. He was born at

Oxford, Chenango County, New York, July 14, 1842, of New
England parentage. His early education was obtained at the

country schools and village academy. In 1863 he enlisted as a

private soldier in the 114th New York Volunteers and remained

in the service until the close of the war. He participated in

several engagements and was severely wounded at the battle of

Opequan Creek, near Winchester in the Shenandoah Valley, on

September 19, 1864.

By his unaided effort he secured the means for a college edu-

cation and entered the Academic Department of Yale College

in 1867 from which he was graduated in 1871. In the fall of

1872 he entered the Sheffield Scientific School which conferred

upon him the degree of Ph.D. in 1874. The following year he

was appointed assistant in the Department of Physics at the

University of Pennsylvania under Professor George F. Baker.
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The same year he accepted the appointment of chemist for the

Pennsylvania Railroad Company.

He was one of the founders of the American Association for

Testing Materials and for many years its president. At the

recent meeting- of the International Association for Testing Ma-
terials held at Copenhagen, Dr. Dudley received the honor of

election to the presidency of that body and it will be a matter

of deep regret to his many warm friends that he has not been

spared to preside over their deliberations at the convention to be

held in this country in 1912.

He was a member of many English. French and German
societies among which may be mentioned the Iron and Steel

Institute of Great Britain and the Verein Deutscher Eisenhiitten-

leute. In this country he was identified with the American So-

ciety of Civil. Mechanical, Electrical anrl Mining Engineers. The
Franklin Institute, of which he was a most valued member, is

indebted for a number of valuable papers read at its meetings and

published in the Journal. These include such important topics

as the " Composition and Properties of Steel Rails," " Wearing
Power and Hardness of Steel Rails." " Bearing Metal Alloys."
" Fuel Oils " and the " Ventilation of Passenger Cars on Rail-

roads." In some of these were embodied investigations of an

unusually searching character leading to deductions which

aroused wides])read discussion.

It is not alone as a technologist in the foremost rank of

applied science that he will be recalled among his numerous
friends, his admirable qualities of character will leave an even

deeper impression in the minds of all who knew him than will his

manv i^rofessional attainments and achievements.



PERILS OF PEACE OR A SAFER AMERICA.

BY

W. H. TOLMAN, Ph.D.,

Director of the Museum of Safety and Sanitation, New York.

Resume of the Popular Science Lecture delivered at Witherspoon Hall,
Friday evening, December io, 1909.

The lecturer was introduced by President Clark and spoke, in substance,

as follows

:

Millions Lost Annually.—The most conservative estimate of the_ loss,

in cash, to the wealth of the United States through preventable accidents

in the various industries is $125,000,000 a year.

There is (in New York) a Museum of Safety and Sanitation doing
pioneer work in demonstrating that this year $125,000,000 can be saved at

a moderate cost of insurance expenditure for prevention.

All Europe is doing that very thing now. The question for the United
States, at last forced upon every employer, is suddenly looming up to such
proportions that it casts its shadow over every field of labor, from the turning

of a grindstone to the moving of every freight train, and that question is

:

Is it worth while?
Is it worth while for employers of American labor to adopt the safe-

guards which shall preserve to the nation the lives and limbs of the 500,000

workers now annually incapacitated or killed, whose wage-earning capacity,

estimated at the low average of $500 apiece, means a loss to the country of

250 millions each year?
Engineers consider that half of this number of accidents is an unneces-

sary slaughter.

This is the sum lost through the failure to conserve the health and
strength of the American wage-earners.

A New Safety Idea.—The New York Museum of Safety and Sanita-

tion is organized for the protection of American life and labor from
accidents and the lengthening of human life by lessening the perils of occu-
pational diseases. This will be done through a permanent exposition of

safety devices for the dangerous parts of machinery, perilous processes, by
means of actual machines in operation, models, photographs, and other
graphics. The executive headquarters of the museum are in the United
Engineering Societies Building, 29 West 39th street, New York City. Philip

T. Dodge is acting president. Among other influential charter members
are Albert H. Gary, Cleveland H. Dodge, Albert R. Shattuck, Charles Kirch-
hoff, T. C. Martin. Robert A. Franks, Dr. L. L. Seaman, Prof. F. R. Hutton,
Dr. Thomas Darlington and Richard Watson Gilder.

An Industrial Massacre.—An industrial massacre of thousands upon
thousands of wage-earners took place last year and raised no outcry, perhaps
because the killings and the maimings were spread over twelve months
through the entire country.

Does it pay? All Europe is now agreed that it doesn't pay, and the

various countries are maintaining museums of safety to prove it. The
United States is not yet really maintaining one.

No workman should be forced by circumstances into accepting charity.

The American workman's only capital is his daily work, which he hazards
against disease and accident. When he gets old and can't work, there is

nothing left for him but the poorhouse or the grave, nobody wants him.
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Done in Germany.—What is done for the workman overtaken by an
accident in Germany? In the first place he has the benefit of compensation
at once, automatically, so to speak, as a right, and is not compelled to go
to law, which so often means delay and a lessened compensation at the end.
He has none of the apprehension and nervous dread assailing the American
workman, in case of accident, for he knows that he and his family will

receive the protection of a system, whose object is to bring him to the speed-
iest recovery and restoration to his former wage-earning capacity.

The Wear and Tear of Labor.—The wage-earning capacity of the
majority of laborers is not enough to enable them to lay aside sufficient for

the emergency of accident, disease or old age; more particularly is this

true when the rearing of a large family is in question, and during unpro-
ductive periods. In recognition of these conditions, Germany feels that she
is obligated to work out a system by which the laborer, when incapacitated,
does not become a charge on charity. She also realizes that the wear and
tear of the laborer, as well as that of the machinery, should be a part of the
cost of production, and as such be a direct charge against it accordingly.

The German employers are banded together according to trades, their

accident premiums based on the risk and wages paid to their workman.
Safety Good Business.—The German industrialist knows that an acci-

dent will be most searchingly investigated, and if blame attaches to him,
he will be heavily fined for the disbursement which his associates in the same
trade must make in compensation. Then it does not take him very long
to reach the decision that it is good business for him to equip his plant at

once with the best safety devices. At this point the government co-operates
by providing Museums of Safety, where every known device is assembled
for the benefit of the emplo3'er and the benefit of the employee.

Looking to tlie Future.—The statement of S. H. Wolfe, at the 22d
convention of the Inter. Assoc, of Accident Underwriters, 1909, is of the
profoundest significance

:

" I am of the opinion," said Mr. Wolfe, " that the system of govern-
mental insurance is in its infancy and upon the present base will be reared
a huge structure. When that time comes protection by private corporations
will be critically weighed, and if its defects are such as to indicate the
advisability of having this important political and economic function placed
in the hands of the Government, it will be done.

" The United States is the only civilized country which does not grant
compensation automatically to the injured workman."

Obsolete Rtiles, Dangers to th.e Government.—An influential attorney,
dealing with thousands of negligence and liability suits annually, tells me that

in these negligence suits, on the one hand technical and obsolete rules are
invoked for the defeat of demands for rea=;onable compensation for the
afllicted, and on the other arbitrary and ill-considered liability laws drive
away the sense of justice from the hearts of employers.

In 1908 over twenty-five million dollars was contributed for protection
against suits for damages in negligence cases. It was a fund for defense for

the defeat of claims in negligence and not with a primary idea of securing
compensation for " the sufferer. The present system, taken as a whole,
presents no aspect that does not indicate dangers to the government, hope-
less futility as far as the injured are concerned, and to the employer nothing
but the most commercially wasteful system that could be devised.

The Cost to the Ta.vpayer.—Consider for a moment the cost to the tax-

payer of our judicial system. The salaries of judges, and the wages of the

court attendants, exclusive of the administrative expenses and supplies,

cost the taxpayers of New York City four million dollars in 1907.

In the county of New York 40,000 business men were drawn for jury

duty: the number who served in 1007 were more than 29.000:. an additional

cost of $415,000 in jury fees. Another large sum must be added for general

administration expenses, while it is impossible to estimate the inconvenience
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and pecuniary loss to the business men who serve. Six millions annually

is the expense to the New York City taxpayers alone in maintaining their

judicial system, of which 60 per cent, is chargeable to negligence or accident

cases; but not one cent of this large sum is of any direct aid or compensation

to the victim of the accident.

The average payment to the injured victim is $500, of which the attorney

usually gets one-half.

The Machine vs. the Man.—Thus far our industrialists have striven for

higher speed and increased efficiency in the machine or tool. The whole

wealth of inventive genius has been lavished on the machine, the thing, with

little thought for the protection of the worker, the man, running it. No
country can be in the front rank of civilization until as much care is taken

of the workman as in the perfection of the machine.

This social philosophy found expression in the establishment of ten

Museums of Safety during the last decade in Berlin, Paris, Vienna.Budapest,

Milan, Munich, Stockholm, Zurich. Amsterdam and Moscow. We are the

last to take up this question, but there is always hope for America, in that

when she does wake up she generally surpasses all that has gone before.

Every Life Saved a National Asset.—The Berlin Museum of Safety,

due to the efforts of a few public-spirited citizens, who first held an expo-

sition of safety devices to arouse public interest and gain government
support, after several years of effort was finally successful in 1903, when
the government assumed the whole obligation for the purchase of a site, the

erection of a building and an annual appropriation for its maintenance.

Four years later it was necessary to enlarge it at an expense of 85,000 marks,

so that to-day it is the finest example of the kind in the world. The govern-

ment was so impressed with the excellence of the work accomplished by this

museum that it has established another in Munich, the latter going a step

further by the addition of a laboratory for perfecting devices.
*

" How is it," I asked the Director, " that you so easily secure the money
from the government?" to which he replied, "I can get all the money I

want, for the government feels that every dollar spent in this way is well

spent, in that every life saved is a national asset."

The Ameriran Stari.—In the United States it was not till 1907 that the

first real progress was made through a two weeks' Exposition of Safety and
Sanitation held in New \ork City. As a result of this small beginning,

a Committee of Direction of 22 of the most representative scientific and
technical editors was formed to guide the policy of the new movement.

The Committee decided, in view of the interest awakened by the first

little exposition, to hold a second of longer duration, for two months,
beginning A.pril, 1908.

Among those exhibiting were the Westinghouse Air Brake, Penn. Ry.,

U. S. Steel Corporation, the Travellers' Ins. Co., Brown & Sharp, Yale &
Towne, Carnegie Steel, altogether 122 exhibitors.

Insurance 7 Cents per Annum.—Our exposition displayed the latest

devices for fighting fire. Prof. Irving Fisher, one of the directors of our
Aluseum, informs me that in New England 70 years ago the rate on cotton

and woolen mills averaged $3 or $4 per 100. To-day these mills are being

insured against fire at a cost of 7 cents per annum. This enormous decrease

has been accomplished by slight expenditures. In some factories the cost

of improvements has been more than paid for in the savings on fire premiums
in one year.

It is my opinion, that if similar care should be exercised in the applica-

tion of safety device^, industrialists will be repaid a thousand fold in saving

on payment of premium'; and suit for damages.
Dust Removal.—The second great division of the Museum is sanitation,

whatever affects the health of the worker.
In the Underwood factory at Hartford I found a complete system of

exhausts and forced drafts, making the factory cool and comfortable.
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" One day in August," said the vice-president, "
I took the train from

New York to Hartford. It was the hottest ride I think I ever took. Surely,

I said to myself, the factory will be closed this afternoon. I found every

one in his place, the rooms comfortable, due to the ventilation system. In

fact, on my tour of inspection I walked some three miles, I should judge,

without the slightest discomfort."
The Seaman Prize Essay.—As a member of the Board of Trustees of

the New York Museum of Safety and Sanitation and from his interest in

the problems of preventive sanitation, Dr. Lois L. Seaman, while at the

XVI International Medical Congress in Budapest last month, offered a prize

of 2,500 kroner, open to the world in any language on the following subject:
" What should be the status of the medical department of an army, in order

that its sanitary and hygienic conditions may be maintained at their highest

efficiency, so that in the emergency of battle, its units may best respond to

the call of its commanders." The award will be made by the Executive
Committee of the XVII International Medical Congress. Dr. Seaman
believes that many of the deaths from disease during an active campaign,
as well as invalidism in the army due to disease, are easily preventable,

failure to act accordingly constituting a crime against patriotism and
humanity.

Bad Wafer and the Cost Sheet.—In a recent study which I made of the

important industries in the United States I found only between lo and 15

per cent, provided filtered water. It is well known that there is a direct

connection between typhoid and impure water. Based on the estimate of a

recent commission of the highest authority, 85 per cent, of the cases of

typhoid in the United Stales are preventable. Lawrence, Mass., by the

introduction of a public water filter, reduced the typhoid mortality <So per
cent. It is now demonstrated that for each life saved from typhoid two
or three lives are saved from other diseases. Prof. Fisher states that at

least 8 years could be added to human life by securing reasonably pure air,

water and milk.

Mutuality.—A conscious effort to protect the employee by law, making
his labor safe through the best safety devices; to maintain his health by
improved methods of sanitation, tends to promote mutuality between em-
ployer and his employees. The discussion thus far has concerned safety
and sanitation for labor in its various occupations. The Museum's third
department, Mutuality, is a record of what the industrial world is doing to

promote better relations between Capital and Labor.
Legislation in N'ezc York.—Assemblyman Cyrus W. Phillips. Chairman

of the Committee on Causes of Industrial Accidents, appointed by the
Legislature of New York, 1909, states :

" The New York Museum of Safety
and Sanitation can be made of great benefit to the State in its efforts to
prevent industrial accidents, and I am of the opinion that the State is

justified in supporting it. I shall advocate an appropriation for that purpose
by the next Legislature. To be of the most value the exposition ought to

be made permanent, with branches in different parts of the State. It must
be within the reach of workingmen as well as employers. The men for
whose benefit the- safety devices arc used must attend the exposition and
become familiar with the devices and the various methods of protecting them-
selves and their fellow workmen that will be taught there. Rochester would
be the natural location for a Western New York branch of the Museum.
Such a Museum would be visited daily by manufacturers and artisans from
all parts of the contiguous territory."

Progress in Holland.—The Hon. W. F. van Leeuwen, Burgomaster of
Amsterdam, informs the New York Museum of Safety and Sanitation that,
early in the Autumn, a bill will be introduced in the Dutch Parliament for
the appropriation of a considerable sum of money for the. erection of a
Museum of Safety and Sanitation. The city of Amsterdam will provide the
.site. As Holland was among the very first countries in the world to open
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a Mii?eum of Safety and Sanitation, it is very fitting that she should worthily

install this life-saving station.

In conclusion to show the practical and substantial benefit of the work

of the Museum to the industrialist, to the worker and to the public.

At the annual dinner of the United States Steel Corporation in 1907

the chairman of the Museum was among the guests; being called upon for

a speech, he made a general plea for the more adequate provision of safety

appliances, particularly in the steel industry.

Another year passed, and another dinner came. " Mr. Kirchhoff,"

said Judge Gary, chairman of the Executive Committee, "last year offered

some suggestions for safety devices in our steel industry. We acted on this

and asked for suggestions from our own trained employees. Altogether,

we have received 2,600, and have adopted the greater part of them." Not
a bad idea to thus obviate a part of the interruptions of work and the

improvement of service in such a vast enterprise.

The Committee of Safety.—In 1907, at a conference of the managers

of the casualty departments of the U. S. Steel Corporation, a new and inde-

pendent Committee of Safety was organized, whose object was the inspection

of all the plants with reference to the prevention of accidents. It was to

serve also as a clearing house for obtaining and disseminating the best infor-

mation for safeguarding life and limb.

Standardizing Safety.—The Safety Committee is now standardizing

appliances for machinery common to all the plants. Previously each had
worked out its own method of guarding flywheels, gears, electric switch-

boards and other points of danger. They are now seeking to determine,

from among the different methods in use, which are the most effective and
should be adopted at all their mills and plants, thus insuring the most
approved safeguards and familiarizing the superintendents, foremen and men
with their use.

The Experience of Others.—We are here in the interest of the industrial-

ist, the workman and the public, because these questions of safety and sani-

tation affect every man, woman and child in the United States. In this

movement for a safer America we should all work together. The Museum
proposes to benefit by the experience of others in collecting the best appli-

ances and devices for making our life and labor safe.

A Life-Saving Fund.—To build and equip this life-saving station a

fund of five million dollars must be raised. This is a comparatively small
sum for a great industrial country like America, where the need is the
greatest.

You are all invited to co-operate in this great movement by your sub-
scriptions. If you cannot give much, give little, but give something. There
are many who should give largeh^, because of the direct benefit which they
will receive; others out of the largeness and generosity of their hearts.

This fund must be pledged before the Museum can be established. The
men associated with this movement are a guarantee for the wisest use of
the money intrusted to them, and this lecture campaign is undertaken to
raise this fund and to gain your help, as it is impossible for us to do it

alone. It is a movement for which you must work personally. It is a
moral obligation which you owe to yourselves and to your country, that you
should no longer be satisfied with the present conditions, with their unneces-
sary perils to life and limb, but you, as a patriotic American, should do all

in your power to put America in the foremost rank among nations in the
consideration and preservation of the lives of her people.

Busines.<: Men Will Oppose. Unless.—Germany, the great ninneer for
workmen's compensation, was followed by Austria, Italy, France, Belgium,
Hungary, Norway. Sweden, Denmark. Finland and Holland. Our country
is the only civilized nation that has not changed the system of relegating the
injured workman to a mere cause of action, to the duty of compensation in
all cases whether there be negligence, contributary negligence or not.
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The business men of this country will oppose an arbitrary law requiring

them to make compensation, unless, at the same time, with the introduction

of this change, they can be assured that a disinterested organization, like

the Museum, is devoting a high-class, well-organized effort to ascertain,

develop and exhibit every device for safety which can be devised by human
ingenuity. At present the criticism to the general effect that it is cheaper to

kill and maim employees than to protect them is in the main true. The reason

for the existence of that condition, however, is not so much a general wanton
disregard of human life as it is a general lack of knowledge, and the oppor-

tunity for gaining it, of devices and schemes for safety.

No Exploitation of Safety.—There is absolutely no organization in this

country which is devoting any energy to the exploitation of measures of

safety. The object of the Museum is to fill this void, and its organization

is a part of a large change, of which the relief of the courts by the adoption
of the European Compensation Acts is another part.

An act was passed at the last session of the New York Legislature for

an inquiry as to the European compensation laws already adopted appointing
a Commission on Causes of Industrial Accidents, '^'ou will see that we are
on the threshold of a great change, and I believe that the most important
contribution to that movement is the formation of the Museum of Safety.

[Note.—An elaborate collection of lantern photographs depicting both
specific devices for the prevention of accidents and improved conditions re-

sulting from systematic effort to better the condition of the factory operation
were presented in the course of the lecture which most materially empha-
sized the merits of the speaker's plea for co-operation in establishing a
permanent Museum of Safety and Sanitation.]

LEAD IN 1908.

REPORT ON SMELTER PRODUCTION.

The Geological Survey's report on the production of lead in 1908,
prepared by C. E. Siebenthal, shows that 396,433 short tons was produced
from foreign and domestic ores and base bullion during the year, or 17,756
tons less than in 1907, when the total product was 414,189 tons.

LOSSES AND GAINS BY STATES.

Missouri, the leading producer, showed an increase in the quantity of
lead mined during the year as compared with that mined in 1907. The
three States next in rank—Idaho, Utah, and Colorado—made largely re-

duced production. Of the smaller producers Wisconsin, Nevada, Montana,
Kansas, and Oklahoma made gains in output.

PRICES.

The year 1908 opened with lead at 3.60 cents a pound, but the price
steadily advanced until August, when it reached 4.625 cents a pound, and
then declined steadily to 4.15 cents, the price at the close of the year. The
price of lead during the eight years from 1901 to 1908 has ranged from
3.55 cents to 6 cents a pound.

UNITED STATES STILL LEADING PRODUCER.

Although the greatest loser in production in 1908 among the lead-mining
countries of the world the United States nevertheless produced 27 per cent,

of the world's output of lead.

The production of lead from foreign and domestic sources from 1825
to 1908, inclusive, was 8,635,236 short tons, of which 7,091.548 tons was
produced from domestic ores and 1,543,688 tons from foreign ores and
base bullion.

The rcjxirt can be obtain from the Director of the Survcv at Washington,
D. C.



FRANKLIN INSTITUTE
(Proceedings of the stated meeting, held Wednesday evening. Dec. 15, 1909)

Hall of the Franklin Institute,

Philadelphia, December 15, 1909.

President Walton Ci-akk in the Chair.

Additions to membership since last meeting, i.

A series of proposed amendments to the By-Laws was presented, signed

by Messrs. E. H. Sanborn and James S. Rogers. The amendments were
discussed by Messrs. Christie, Sanborn, and Colvin. On motion duly
seconded it was directed that the amendments be voted upon by letter ballot.

The following nominations were made for officers, managers, and
members of the Committee on Science and the Arts to be voted for at the

annual election January 19, 1910

:

For President (to serve one year), Walton Clark.

For Vice-President (to serve three years), Henry Howson.
For Treasurer (to serve one year), Cyrus Borgner.
For Auditor (to serve three years), Samuel P. Sadtler.

For Auditor (to serve two years), John C. Trautwine, Jr.

For Managers (to serve three years) ; Edwin S. Balch, W. C L. Eglin,

Alfred C. Harrison, Chas. A. Hexamer, Alexander Krumbhaar, Chas. E.

Ronaldson, E. H. Sanborn, Walter Wood.
For Members of the Committee on Science and the Arts (to serve three

years) : James Christie, G. H. Clamer, Richard Gilpin, Wm. O. Griggs,
Chas. A. He.xamer, Henrik V. Loss, Luther D. Lovekin, Thos. C. McBride,

J. Y. McConnell, E. S. Powers, J. W. Ridpath, L. F. Rondinella, Arthur J.

Rowland, Thomas Spencer, Wm. H. Thorne, Walton Clark, Jr., W. B.
Riegner.

The chairman appointed the following members to act as tellers and
receive the votes for the election of officers as well as those relating to

the proposed changes of the By-Laws of the Institute : W. N. Jennings,
Dr. W. J. Williams, Richard L. Binder, J. Logan Fitts, Werner Kaufmann,
Dr. E. Goldsmith, Wm. H. Thorne.

Major Franklin Philips of Newark, New Jersey, was then introduced
and presented his communication on the high-power rifle and its ammuni-
tion as instruments of precision. The speaker reviewed the history of the

weapon, especially its most recent developments, and exhibited illustrations

of the mechanism of the various parts of rifles, the forms of bullets, the
sights, and other details. The lecturer closed w-ith a reference to shooting
matches and marksmanship.

On motion duly seconded a vote of thanks was tendered the speaker
for his address. Adjourned.

James Christie,
Secretarv.
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COMMITTEE ON SCIENCE AND
THE ARTS

(Abstract from l>roccedings of the slated meeting held Wednesday, De-
cember I, 1909.)

Hai,i. ok the Fkaxklin Institute,

Philadelphia, December i, 1909.

Mr. J. Y. McCoNNELL in the Chair.

The following reports were presented for final action

:

(No. 2450.) Brownstcin's Boring and Reaming Tool—Benjamin Brown-
stein, Ansonia, Conn. (Report made advisory and adopted.)

(No. 2456.) Giles's Method of Briquetting Cual— VVm. F. Giles, Chest.-r,

Pa. (Report made advisory and adopted.)
The following reports passed first reading:
(No. 2464.) Rushton Trailing Truck for Locomotives.
(No. 2465.) Reese Dirigible Balloon. (Referred to subcommittee for

reconsideration of award.)
(No. 2468.) Rushton Tlirottle for Locomotives. (Made advisory and

adopted.) C.
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SECTIONS

(Abstracts of Proceedings of Stated Meetings.)

Mechanical and Engineering Section.—Stated meeting held Thursday,
December 2, 1909. In the absence of the Chairman, Dr. E. Goldsmith
presided. Present, 60 members and visitors.

The paper of the evening was presented by Mr. Wilber R. Kimball,
President of the Aerial Development Company, and Secretary of the
Aeronautic Society of New York, on " Flying—the New Art." The speaker
reviewed and illustrated at length the development of the art of flying,

particularly referring to its present condition and probable future.

James Christie,
Secretary pro tern.

Photographic and Microscopic Section.—Stated meeting, held Thursday,
December 9, 1909, 8 p.m. Dr. Henry Leffmann, President of the Section, in

the chair. J. W. Ridpath, Secretary of the meeting. Present, 99 members
and visitors.

Upon motion, the reading of minutes was dispensed with, and the

Chairman introduced Prof. Robert W. Wood, of Johns Hopkins University,

Baltimore, Md.
Professor Wood delivered an instructive and interesting lecture upon

the " Infra-red and Ultra-violet Rays," describing in detail a number of
original observations and experiments, particularlv in photographing the
moon. The lecture was illustrated by many lantern slides, contrasting
views taken by the visible rays with the same taken by the mvisible red
or violet rays.

Upon motion the thanks of the Section were extended to the speaker.

J. W. Ridpath,
Secretary.

Mining and Metallurgical Section.—Stated meeting held Thursday,
December 16, 1909. Dr. Goldsmith presided in the absence of the Chairman.
Present, 25 members and visitors.

After the reading of the minutes, the Chairman introduced Mr. Hiram
W. Hixon of Philadelphia, who presented a paper entitled " A Comparison
of Copper and Lead Smelting." The speaker illustrated the subject with
lantern slides. At the close of the meeting a vote of thanks was tendered
the speaker for his interesting paper. Adjourned.

James Christie,
Secretary pro teni.
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BOOK NOTICES

Direct and Alternating Current Testing. By Frederick Bedell, Ph.D.,
Professor of Applied Electricity in Cornell University, assisted by Clar-

ence A. Pierce, Ph.D. 265 pages 9x6 inches with diagrams in the text.

Price $2.00 net. D. Van Nostrand, New York, 1909.

The art of preparing efficient manuals of instruction has perceptibly

advanced in recent years. Where formerly instruction in the theory and
methods of conducting electrical tests could only be obtained by courses
in technical schools, it is now possible to find in print skilfully planned
presentations of the ground covered drawn from the gradually accumulated
fund of data resulting from experience in teaching electrical practice.

Dr. Bedell's book is a work of this sort. He has selected from his col-

lection of notes on electrical testing covering a period of many years those
topics and methods of presentation that by actual trial and a process of
evolution and refinement have yielded the best results technically and peda-
gogically. The aim has been to present representative topics in such a
manner as to stimulate initiative and originality rather than to formulate
a code of standardized forms and methods adopted to the needs of the

modern " mental mechanic " who is now too frequently mistaken for an
engineer worthy of the name.

L. E. P.

The Story of the Comets, Simply Told, for General Readers. By George
F. Chambers, F.R.A.S. of the Inner Temple, Barrister at Law. XIII +
256 pages, 9x6 inches, 106 illustrations, cloth. Price 6 shillings, net.

Clarendon Press, Oxford, 1909.

Unusual astronomical phenomena, particularly those of a spectacular
nature, can scarcely fail to appeal to the popular mind. The widespread
interest developed with the announcement of the expected reappearance of
Halley's Comet, last seen in 1835—36, makes the issue at this time of a
treatise on the subject for the purpose of enlightening the general reader
most opportune. Those who would learn about comets, their constitution,

their movements, their relation to other occupants of the firmament as well

as matters of history and sentiment relating to them, may expect to be fully

satisfied by a perusal of this evidently painstaking work.
The book is profusely illustrated by excellent half-tones and line-

diagrams. The " story " is told in a fluent style attractive to the general
reader but, despite this, it bristles with a formidable array of foot-notes and
references that will tempt a serious reader, inclined to astronomical ques-
tions, to pursue a careful study of this fascinating subject.

L. E. P.

Quantitative Chemical Analysis Adapted for use in the Laboratories
OF Colleges and Schools. By Frank Clowes, D.Sc, Lond., Emeritus
Professor of Chemistry in the University College, Nottingham, and J.

Bernard Coleman, A.R.C.Sc, Dublin. Head of the Chemical Department
in the Sonth-Western Polytechnic, Chelsea, S. VV. Eighth Edition,

XXIV + 565 pages. 9x6 inches, 133 illustrations, cloth. Price $3.50.

P. Blakiston's Son & Co., Phila., 1909.

Perhaps in no other branch of science is it more true than in chemistry
that an adequate knowledge of the subject can only be attained through
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familiarity gained by diligent practice in the many manipulations involved
and carrying out processes by well accredited methods. That the authors
have fulfilled this requirement is shown by the minute care with which the

many details of the operations of quantitative work are described.

Its scope is comprehensive, covering the ground from fundamental
operations through the entire range of topics embraced in quantitative analysis

and the minute detail of treatment should remove many practical difficulties

of the student and lighten the labors of the teacher.

That the work is now in its eighth edition testifies to its extensive
usefulness.

L. E. P.

A Manual of Volumetric Analysis, Treating on the Subject of Indi-
cators, Test-papers, Alkalimetry, Including Assay of Drugs by
Titration, Acidmetry, Analysis by Oxidation and Reduction, Iodom-
etry, Determinations by Precipitation, and by Color Dispersion.
By Virgil Coblentz, Ph.D., Phar.M., F.C.S., Professor of Chemistry in

the New York College of Pharmacy, and Anton Vorisek, Phar.D., Pro-
fessor of Analytical Chemistry in the College of Pharmacy, Columbia
University, in the City of New York. VIII + 234 pages, 9x6 inches,

with 38 illustrations, cloth, second edition, completely reconstructed
and enlarged. Price $1.75 net. P. Blakiston's Sons & Co., Phila., 1909.

The principles of volumetric analysis are here presented in harmony
with modern theories, particular attention being devoted to the theory of
ionization and its application to indicators and other chemical reactions,

to the necessary precautions as to dilution, temperature and to the influence

of disturbing elements. The importance of the preparation and accurate
standardization of the reagent solutions is emphasized and throughout the

work the necessary precautions to be observed in conducting an analysis

are impressed upon the operator.

L. E. P.

The Zonal-Belt Hypothesis. A New Explanation of the Cause of the
Ice Ages. By Joseph T. Wheeler. 401 pages, 9 x 514 inches, cloth.

Price $2.50 net. J. B. Lippincott Company.

The purpose of this work is to show that our earth, up to a late period
in its geological formation, was surrounded by rings like Saturn, and that

these had an important influence in determining the climatic changes which
marked various geological periods. The author has, in presenting his argu-
ment, been unsparing of labor in his search of evidence and data and the

book contains an extensive array of references to support his hypothesis.
The work should prove of interest to those devoted to the investigation

of cosmic problems.
L. E. P.
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Fig. I.

The Autoplate Machine—casts, finishes, cools, and delivers ready for the press, newspaper
printing plates at the rate of from 4 to 8 a minute.
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Gentlemen : I am deeply conscious of the fact that you have

paid me a high honor in asking me to address you here to-night.

Standing in this old hall, in this revered birthplace of the idea

of the Centennial "Exposition, pregnant as was that idea with the

most stupendous impetus that a single event has ever given the

utilization of the stuff and habits of the physical world, I am
abashed. When I compare with its quaint and simple architec-

ture and its homely and primative accessories, the elaborate edi-

fices of to-day, filled and throbbing as they are with the innumer-

[NoTE.—The Franklin Institute is not responsible for the statements and opinions ad\-anced
by contributors to the Journal.]
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able, intricately organized, man-serving devices which, during the

passage of but a single generation, have come to so multiply our

powers, our comforts, and our pleasures, I am astonished. And
when I recall that so much of this progress was born of inspira-

tion supplied by that great mother of physical inquiry, the

Franklin Institute of the State of Pennsylvania, it is indeed diffi-

cult to believe that in the short span of her life the practice of the

science of physical inquiry should have accomplished so marvel-

lously much.

But a single thought saves me from confusion : that he for

whom this institution was named, whose boundlessly liberal and

truth-seeking qualities have become its fundamental traditions,

was once a printer. Thus I am assured that whomsoever may
since have labored to extend the usefulness of the typographic

art, however humble his addition to the sum of its knowledge,

may in the name of the illustrious Franklin here claim the pro-

tection of the aegis of an especial tolerance, and freely speak his

mind.

If the spirit of that wise and genial philosopher could be

recalled to earth and shown all of the progress since made by

mankind, it is not difficult to name the branch of human endeavor

in which he would find the most at which to wonder. Human
nature is but where Poor Richard's philosophy found and left it;

the slow evolvement of successful government has been carried

but a sorry step further than it was at the sitting of the Consti-

tutional Convention; the advent of an unarmed peace between

peoples, the possibility of which has ever seemed to so many
to hover but just beyond the horizon, appears but little nearer

than in the days of the surrender at Yorktown ; while the things

that are new in literature, in art, in pure philosophy are so infini-

tesimal when held against the glorious background of the past

as to fade to utter insignificance.

In what, then, has the world changed? What is the new
mode of thought, strange in Franklin's day, that has since entered

the consciousness of the race and become, of all its implements,

the most serviceable? The will to test all things, is a brief but

comprehensive answer. And it is with some of its fruits, as ex-

pressed in one phase of human activity, that we shall later be

concerned to-night.

During Franklin's life a dry, a curious, a but little understood
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collection of fragmentary information concerning physical phe-

nomena composed a suspected and half-proscribed thing, called

science. Into this mysterious realm men had already begun cau-

tiously to peer. At first it seemed unrelatable to their daily

lives. But into it gradually they grew boldly to look, and new
applications of natural phenomena to desirable human ends

began to be made. Then slowly, but with an ever increasing

breadth of field and rate of development, physical science be-

came the means through which man has since so wholly been

able to readjust, upon infinitely more favorable terms for himself,

his relations with nature and his fellows.

In this recent application of his thought to the discovery and

comprehension and use of the materials and habits (miscalled

the laws) of nature, lies the means by which man has been

able the more securely and comfortably to seat himself in the

chariot of life, the more widely to extend the path of its flight,

and the more economically and beneficently to direct its course.

It is this, then, his wholly new kind of command. of physical

nature, that constitutes the gain of man since Franklin's time.

Therefore, neither in the realm of statecraft, of philosophy, of

literature, nor yet of art is it that the spirit of Franklin would

wander to-day, awed, astonislied, and confused, but in that of

physical science, a province which he so thoroughly loved and

knew.

The figurative suggestion of the returned Franklin, wide-

eyed and curious, intently observing the strange uses to which

the materials and forces of the earth have since been put, serves

but to illustrate the fact that in less than a century man has

wrung for himself more helps from nature than he had previously

gained in all the long history of his race. .We are indeed living

in the heyday of physical discovery.

But a single further thought upon the subject need detain

us. Now that the mind of man has been so suddenly unleashed

in the field of objective research, a field for centuries almost

wholly forbidden it, are or are not the astonishing discoveries

which seemingly without number are nowadays being showered

from an apparently inexhaustible horn of plenty, in reality but

a part—how' great we do not know—of a really exhaustible

capital treasure? I am not suggesting that the fund of uncom-

prehended or unknown phenomena can ever be drained—none
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would dare assert that—but I am inquiring as to whether the

time may not come when the easily discoverable, the readily

utilizable phenomena shall grow less, and men have to be content

with lesser finds, of gradually diminishing worth, for which

the}' must ever go further afield.

Is it not conceivable that the at-present precipitate rate of

progress results from the sudden release of an accumulated store

of aptitude for dealing with physical phenomena—an aptitude

that has been gathering for many centuries without an oppor-

tunity for its application—which is now hastily catching up with

easily discoverable things and is, therefore, super-normal? And
is it not supposable that with the expiration of a brief span, as

history counts time, man shall have exhausted much of the un-

known that lies nearest to hand and be reduced to the considera-

tion of progressively less important, more minute, and more
remote phenomena? Therefore, is it not reasonable to assume

that at some distant, perhaps far distant, time the world will

revently look upon the present era, as in art and philosophy

we moderns look upon that of Greece, and refer to it as the

Golden Age of Science?

However interesting this train of thought may be, suggested

as it was by contemplation of the wonders that have flown to

earth since first this venerable hall was built, I am sharply

conscious of the fact that my lecture to-night is to be not upon
the general topic. Science, but upon only that department of

physics which deals with the mechanics of one of the branches

of printing.

Of all the mechanical creations of man perhaps that which

has worked him the greatest good is the art of printing. Upon
it depend all other arts for their propagation and preservation.

And not only do the arts, using the word in its broadest sense,

pass current through the medium of the printed page, and owe
to it their permeability and perpetuation, but so also does every

thought of the mind which is held worthy of multiplied expres-

sion. Indeed, of all the whirring, hurrying, helpful enginery

of the day but a single device, the printing press, is engaged in

preserving against the needs of those to come the gathered knowl-

edge of mankind. In the domains of his thought, his sight, his

action, man has set up the press to speak for him ; and out of it

there ceaselessly jiours tlie perfect record of them all.
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It is of the journal, the daily newspaper, in which appears

the Hkeness of the vast structure of each day's human experience,

that it is my duty to speak to-night. Not, I regret to say, of the

newspaper itself, of its phenomenal powers, and the intricate

tendencies for good or evil which still seem inextricably linked in

its pages, but of the insensate automata which, under the hands

of its sponsors, bring the newspaper into physical being and

launch it in daily myriads upon the world.

Printing began with the making of handcut blocks, which

were used to stamp their similitude upon other surfaces. Later,

blocks called type bearing each a single character were made, and

these when combined one with another produced words which,

when gathered into sentences and paragraphs, became the page.

The great impetus given the typographic art by the introduction

of " movable types " was due to the ease and economy with which

text could be prepared for the press, and after printing the type

page be resolved again into its component characters, which

thereupon were fit and ready for further use.

The work of cutting characters being slow and costly, re-

course was soon had to casting them, of an alloy of lead, anti-

mony, and tin from moulds, now called matrices. These were

made of plaster from types or dies which had been cut by hand

;

and later of copper from harder dies which, upon being driven

into it, left their impress. Until recently the driven matrix was
exclusively used ; but nowadays the manufacturers of type cut

their matrices by means of a power-driven engraving device, the

controlling lever of which is guided by hand along the edges of a

large template, or raised representation of the particular character

to be cut. Thus by means of the Benton-\\'aldo machine un-

skilled men, working with great rapidity, can produce the most

intricate matrices at little cost. When matrices are required

to be made in Jarge quantities, as for use with the type-making

and composing machines of the modern printing office, they are

still driven, the dies, or " punches " employed, being engraved

by the Benton-Waldo method. The matrices of extremely large

type-sizes which are now upon the market, are usually neither

launched nor cut, but are electrolytically-deposited copper impres-

sions of existing types.

For many centuries the setting of type was a manual opera-

tion. It required a high degree of special knowledge and great
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dexterity. With the setting, or " composition," of a page the

type-setter's work did not end; when the page was no longer

required he had also to " distribute " the type it contained. The

putting of matter into type involved the necessity of taking it out

again. Such a dual process was entirely comfortable to the

printer until, and long after, the newspaper came into being.

But when the value of celerity in the printing of news began to

be understood the slowness of " the man at the case," became

irksome, and a mechanical substitute for his eyes and hands was

sought. This brought into being the crude type-setting devices

of the third quarter of the last century. These, hke the man,

Fig. 2.

The Linotype Machine—used for setting and casting the lines of type of which the modern
newspaper page consists.

had to distribute as well as compose, and each function was

given a mechanism of its own.

Meanwhile the growth of the newspaper in telegraphic mat-

ter and general bulk was pushing it on to demand still more

rapid and ample appliances; and these so far as the composing

room was concerned were at last supplied by Mergenthaler's

matrix-setting-and-type-line-casting machine, called the Linotype

(line of type). This device worked upon a new principle. In-

stead of seeking to set the types, and after their use to distribute

them among their respective receptacles in order that they might

again be automatically composed, it composed the matrices of

type, and from these cast, as a single piece, a line of characters.
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Mergenthaler's matrix was of brass, flat and rectanc^ular, having

a V-shaped notch cut deep into one, its upper, end, the edges of

which were hned with small hook-like protrusions. These pro-

trusions were arranged to act like the convolutions of a flat

lock-key: because of them a matrix could drop from the V-shaped

ward bar from which it hung during its automatic distribution

after use only into its own reservoir, or channel, of the matrix

magazine. The magazine and matrix distributing apparatus

occupied the upper portion of Mergenthaler's machine and to

it, after each had been once used, the matrices were automatically

returned. The convolutions of all the matrices of each character

were alike; but those of no two characters were the same.

From the channel-hke reservoirs of the magazine the matrices

were released in the order in which they were wanted, by the

manipulation of finger-keyes ; and upon coming from the maga-

zine were assembled side by side with their intaglio characters in

line. A wedge-like piece was inserted between each pair of

words to wedge the line out to its full width should it be short, a

function spoken of in typography as " justifying." The assembled

matrices and wedges were thereupon automatically transported to

a casting mechanism, where their character-casting surfaces were

pressed against the mouth of a slot or mould, which was as long

as the width of the column of the newspaper for which the line

was to be cast, and of breadth suitable to the size of the type-face

required. In depth the mould was type-high. Against the

opposite opening of the mould was placed the nozzle of a pump,

by which, at the proper moment, the mould was filled with type-

metal and a bar cast having upon one edge the line of type. The

mould was then automatically moved clear of matrices and pump,

and the bottom of the cast smoothed by a knife. Then the cast,

or " slug," having been ejected between knives to give it ac-

curate thickness^ was ready for use. Meanwhile the matrices

were lifted to a position abreast the top of the line of reservoirs

from which they had come; whence, suspended each by its

particular convolutions from the wards of the V-shaped bar along

which they slid, they were pushed over the mouths of the chan-

nels, and each character dropped where its retaining ward ended.

The wedges or " space-bands " were left behind when the ma-

trices were " elevated," and returned to their starting point.

Thus, by the mere acts of playing his keys and touching a
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handle upon the assemblage of a line of matrices, an operator

was enabled to make composed and justified lines of new type

at a then unheard-of rate of speed. Moreover, the "type" he

had set needed not to be distributed for re-use ; the line had only

to be tossed into the melting pot of the machine to be born again

as new matter. Where other mechanical compositors had re-

quired three men for their use, one to set, another to justify, and

a third to distribute their work, the Linotype needed but one, and

could be worked with such ease and rapidity that it went instantly

into general use.

Upon the heels of the success of the Linotype came another

device, the Monotype, which, although not of so great value to

the newspaper publisher, was gladly received by the printer of

books and commercial work. The ]\Ionotype consisted of two

independent mechanisms, the one a keyboard by means of which

the operator was enabled rapidly to perforate a paper ribbon with

holes which represent characters, and the other a type-casting

mechanism to which the perforated tape thereafter was fed.

The latter device comprised a movable frame in which the ma-

trices of 225 characters were fastened, a type mould, automati-

cally adjustable to suit the various widths of the characters of the

alphabet, with which a metal pump was connected, and pneumatic

mechanisms for controlling the position of the matrix-carrying

frame, and tlie width of the type mould. To these was added a

general mechanical organization which enabled the perforations

of the ribbon, by means of air, as it was drawn through the

machine to properly place the matrix frame and set the mould

for each character needed, while the pump and co-operating parts

acted to cast the character and place it in its correct position

in a tray, or "galley," at the rate of 150 characters a minute.

Of all the type-setting machines, properly so called, which

preceded the Linotype but one has survived—the Thorn-Simplex-

Unitype machine. In this foundry type are contained in slot-like

reservoirs cut in the periphery of a drum. About the bottom of

this drum, which stands on end, rotates a flat disk, and out upon

this the type are thrust when released by the keys, and by it are

carried in the order of their release into a mechanism which picks

them up, puts them on their feet, and assemblies them into a line.

They are then taken in lengths of a column's width and, after

being quickly justified by hand, are ready for use. A clever
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device of this machine is the means by which it is enabled to take

a whole galley of type, and properly distribute it among its

reservoirs. This is accomplished by providing the type-ljody of

each character with an arrangement of " nicks " which is pos-

sessed by the body of no other character. At the head of each

slot-like reservoir is a particular arrangement of wards, like those

of a lock. The wards of a reservoir wdll permit to enter it only

the character whose body lias nicks to suit. The lines of type

which are to be distributed are automatically taken from their

galley and inserted, a line at a time, into slots in another drum.

This surmounts the reservoir drum already referred to, their

axes and the alignment of their slots being common to both.

The upi)er ch'um rotates with a step-by-step motion, and at every

stoppage its slots coincide with those of the lower drum. Thus
it will 1)6 seen that as soon as a character carried by the dis-

triljuting dnim readies a position above its own reservoir, it will

drop int(j it, but that no other character can do so. The Unitype

machine, being- less costly to purchase and more economical to

run than Linotype or Monotype, is in very wide use among the

smaller newspapers and printers of books and magazines.

In these few words I have sought hastily to carry the art of

type-setting through its various stages of progress, and to de-

scribe the mechanisms l)v which it is practised to-day. Where
an expert compositor formerly could set by hand but 750 " ems "^

an hour, he has been known with a modern machine to set from

3,000 to 12,000 ems. Such large daily papers as the Nezv

York Herald and the N^czu York IVorld use from 60 to 70
Linotype machines each (the AVw York Stin uses ]\Iono-

types). Without such a machine it would be physically im-

possible to issue newspapers of this class, in so far as their

bulk and the celerity of their publication is concerned. So

much has the. mechanician done for the setting of type.

Coincident with the introduction of movable types one first

hears of the printing press. This instrument is said to have come

of humble origin ; to have been in fact but a development of the

cheese or cider press common in mediaeval times. It first con-

* The " em " represents the square of the size of the type used, and is

derived from the letter M, which is as broad as it is long." It is the unit

by which composition is measured: if a column is 12 "ems" wide, and
50 lines long, it is said to contain 600 ems.



92 Henry A. Wise Wood.

sisted of two plates between which the inked type, covered with

a slieet of paper, was introduced and by which it was pressed.

The necessary squeeze was appHed by means of a hand-turned

screw, set in a surrounding frame, which bore upon the upper

plate. Next came an improved form of screw-operating mechan-

ism. Next, the lower plate was made to slide out to receive the

type " form," as it is now called. And later a frame, covered

with fabric to which the sheet was secured, was made to hinge

down upon the type before the table upon which the type rested

should be slid beneath the upper plate. This table is now called

the " bed," and the sheet-pressing plate the " platen," of a press.

In those days the ink was applied by means of hair-stuffed leath-

ern balls. These, dabbed with ink, were patted together until

their ink-film was suitably evened out or " distributed " and

were then carefully pressed upon the type. With such a press

about 200 sheets of small size, printed upon but one side, could

be done in an hour. At its next step the press became of iron,

and was adapted to print larger sheets. Then a genius con-

ceived the idea of replacing the flat, sheet-pressing platen, by

a rotating cylinder upon the surface of which the sheet was

held by bands of tape. Beneath this cylinder the type form

was pushed, and thus the cylinder printing press was born. Next

were applied ink-charged rollers made of glue and molasses

which, as the type was pushed toward the cylinder, served to

ink it. Better means for propelling the type-bearing table or

bed were soon forthcoming, as well as for causing the cylinder

to turn more accurately, and with greater certainty to take on and

give off the sheet. Power other than that of the hand w-as ap-

plied, and it became possible to print upon one side of a sheet

at the rate of a thousand " impressions " an hour.

Meanwhile the flat or " platen press " as it is called, shared

in the general advancement of the engineering arts. It became

a self-acting machine; of itself took its sheet from the hand of

the printer and drew it into position to be printed, and im-

pressed it upon the type, which it had previously inked. There-

after it gently laid the sheet upon a table, a thousand such sheets

to the hour. Having attained to this degree of development the

growth of the platen species of printing press ceased forthwith

and, except in connection with the smaller sizes of commercial

work and a few obscure branches of the printing industry, it is

no longer a factor.



Modern Stereotypy. 93

As an increasing speed of production is ever of the essence

of industrial progress, the mechanical species which survive are

necessarily those which lend themselves to celerity. Of such

a species was the cylinder printing press. With the betterment

of materials and of motion-producing mechanisms, the attainable

speed of its reciprocating type-bed and its sheet-bearing cylinder

soon enabled it to outrun the older and more cumbrous flat press

;

and thus it came to assume the burdens of newsprinting. The
single cylinder press, printing upon one side of a sheet, was soon

followed by a machine having two sheet-bearing cylinders, and a

double-length bed upon which forms a type for printing the back

as well as the front of a sheet were borne. By an ingenious

arrangement of endless tapes the sheet, having been printed upon

one side by one cylinder, was transferred to another cylinder and

by it printed upon its other side. Such a press was said to " per-

fect " the sheet, and so came to assume the name of " sheet-

perfecter." Other double-cylindered presses, also, were used,

which were adapted to print upon but one side of the sheet.

Such a machine carried upon its bed a single fomi of type to

which each cylinder in turn presented a sheet; the one cylinder

upon the forward stroke and the other upon the backward stroke

of the bed.

Fifteen hundred papers an hour were not, however, long

going to satisfy a public rapidly growing in its appetite for news;

so another step was taken, this time by Applegath, for the Lon-
don Times. By setting a cylinder upon its end, its axis in

vertical position, and fastening into it the metal column rules of

the paper, Applegath was enabled to lay the columns of type

between these rules and so clamp them to the column-wide

facets of his cylinder as to cause the type to withstand the

centrifugal force of a quite respectable velocity of rotation.

About this type-bearing cylinder were set parallel sheet-bear-

ing cylinders, to and from which hand-fed sheets were con-

veyed by rather complicated systems of tapes. In this way
the limes for many years was printed. Hoe in this countrv"

conceived a better arrangement. By the use of wedge-shaped

column rules he was enabled so finnly to hold the cokunns of

type in place as to enable him to set his cylinders in a horizontal

position. Hoe presses having- four, six, eight, and even ten
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sheet-bearing cylinders, which ran in contact with a central type-

bearing cylinder, came into general use. Having a " speed " o£

two thousand turns of the type-cylinder an hour such a press,,

with ten sheet-bearing cylinders, was capable of turning off

twenty thousand sheets. These, being printed upon but one side,,

had of course to be jDut through the press again, the type-pages,

meanwhile having been changed. Hoe's next step was to place

in a machine two type-bearing cylinders, so that both sides of

a news sheet might be printed at a single operation.

But even ten or twenty thousand newspapers an hour failed to

satisf}^ the growing public need. The presses of the day were

already working at top speed. Type-setting was so slow and

costly that forms could not be set for more than one press ; so

an establishment was limited to the use of a single machine.

Something had to be done. For some time there had been

known and used the process of stereotyping, which was that of

producing replicas of a form of type, in type-metal. To prac-

tise stereotyping a type-form was stamped into a moist clay

surface, where it left its iinpression. The clay was Ijaked, then

put into a receptacle and type-metal poured upon it. When the

cast had cooled the clay was broken from its surface, its edges

were trimmed with a tool, and its back smoothed with a plane.

Then it was ready for press. By repeating the processes of

moulding and casting it was possible to continue indefinitely to

reproduce a type-form. But the resulting stereotypes were flat,

and for the rotary newspress it was desirable if higher speeds

were to be obtained that printing forms should conform to the

curve of its cylinder.

In this hour of the newspaper's need someone, it is not certain

who, conceived the idea of substituting for the clay of stereo-

typing a sheet of papier mache. This was composed of several

thicknesses of soft paper moistened with paste and covered with

a skin of tissue. It was laid upon the type and beaten in with a

brush. Type and paper were tlien covered with a dry blanket

of felt and thrust into an oven-like press till the matrix was dry.

Such a matrix, being flexible, could be conformed to the interior

of a curved casting receptable and, being tough, could be

stripped from a cast and used again. This method of stereo-

typing originated abroad, and was brought to this country by

Traske who first put it to work upon the New York Herald
and the Neiv York Sun. Thus, for the first time, the news-
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paper was enabled to make innumeral^le curved replicas of its

type-forms, and indefinitely to multiply the numl^er of its printing

machines. It should be noted in passing that with the advent

of the curved stereotyped printing plate the larger newspapers

ceased for good to use type for the purpose of printing.

The substitution of curved stereotyped printing plates for type

gave to the newspaper two new advantages. Many presses could

be used ; and these could be run at higher speeds than were pos-

sible where printing surfaces were made up of individual types

which were held to a cylinder merely by wedges. Bullock, of

Pittsburg, was the first to offer a press which properly utilized

these advantages. His machine was not only adapted to use

curved stereotypes at a high rate of speed, but to it he had

attached a device for severing sheets from a roll of paper, thereby

feeding his press automatically; and another device for rapidly

laying the sheets when printed neatly in pile. His press, thus

being automatically fed and delivered and adapted to print from

curved plates upon both sides of a sheet, quickly came into general

use. Hand-fed machines for folding newspapers were already

in vogue, so it was but a short step to the attachment of such a

folding machine to the press itself.

But progress was still insistently at work. The annoyance

of carrying separate sheets through a rapidly-running machine

must be dispensed with. This was soon accomplished, and the

paper was drawn from the roll into the press, and printed while

still in " web " form u]wn both its sides. Then it was cut into

sheets and folded. Thus there resulted the web-printing, as

distinct from the sheet-printing, machine.

Further improvements now followed one another in rapid

succession. The slow, intricate, and uncertain chopping-blade

folder at first employed was replaced by a rotary device w^hich.

working with simplicity and accuracy at a much higher velocity,

greatly increased the productivity of the press. The products

of two presses were next run into a single folder wdiich there-

upon delivered a folded newspaper of double the usual number of

pages. These two innovations were first put into practice by

Andrew Campbell.- of New York City. The columns of the

"Machines having Campbell's rotary folder were used by the Jersey

City 112 cuius Journal and the Clczrlaiid I^auier. In the last men-
tioned machine the webs of two presses were run into one folding

mechanism and there assembled and folded as a single product. Campbell
failed to patent his inventions and thus lost them.
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print, which theretofore had run across the web, were next

turned about and run with it. Thus the centre margin of the

newspaper along which it is folded became the centre-line of the

web. As a curved stereotyped plate occupies but half the cir-

cumference of the cyhnder of a newspaper press, two were re-

quired to complete tlie circle. As each printing cylinder bore

four such plates and there were two such cylinders it was pos-

sible at each revolution to print an eight-paged paper. By cut-

ting the sheet from the web between the forward and after pages

and laying the first half upon the last, an easily handled eight-

paged paper became possible. Such a paper had neither to

be cut by hand nor turned inside out in order that its pages

Fig. 3.

Hoe Stereotype Printing Press of the early '8o's—capable of printing and folding 4-or

6-paged papers at the rate of 24,000 an hour; or 8-or 12-paged papers at 12,000. Illustrates

the use of angled bars for transferring from one side of the press to the other a portion of the
paper- web; the V-shaped device for giving the paper its longitudinal fold; and the rotary
mechanism by which the sheet is severed from the web, is folded, and then delivered. These
principles are found in the newspresses of the present day.

might be read by the holder in sequence. This operation was

called " collecting." There were occasions when the forward

and following plates were alike; then the sheet-collecting mechan-

ism was disconnected, and the papers delivered had but half the

number of pages. In this way four-paged papers were run.

Such a press was able to deliver twice as many papers having

four pages as eight. The products of two printing machines,

when run together into a collecting mechanism and folder,

resulted in sixteen-paged newspapers. But with the collector

thrown out of operation, twice as many eight-paged papers

could be obtained. With three presses the respective products

were twenty-four paged, if collected; twelve, if uncollected: with

four presses, thirty-two, and sixteen. Meanwhile it had become

possible to combine the full-width web of one press with a half-
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width web, one page in width, brought from another. Thus,

such a product if not collected produced a six-paged paper or, if

collected, a paper of twelve pages. In this manner it became

possible to print at will, upon a machine having four printing-

couples, newspapers with four, six, eight, ten, twelve, fourteen,

sixteen, twenty, twenty-four, twenty-eight, or thirty-two pages.

Meanwhile the practice of cutting sheets from the web before

they were folded had given way to a more certain and rapid

method. A new form of folding device was introduced, which

comprised a V-shaped frame of iron down over which the printed

web was drawn by two milled rolls running towards each other at

its lowermost point. The web coming full-width over this device,

was so shaped or formed in the course of its travel downwardly

over its face and about its sides, as to enter the rolls beneath its

" nose " as a folded web. Thus it became possible to give the

sheet while " on the run " its first, its longitudinal fold, and

to do this before it should be severed from the web. Beneath

this device, or " fomier " as it is called, was placed a

pair of cylinders which co-operated to give the already once-

folded sheet its second, or transverse, fold and thereafter to

sever it from the web. The act of cutting was accomplished

by pressing a sharp, serrated blade carried by one cylinder into

a slotted rubber bar carried by the other. The principle of cut-

ting demanded that the sheet be held taut over the cutting-slot

while the saw-toothed blade burst through it. This was accom-

plished by placing at each side of the knife spring-supported

wooden bars which, pressing the paper against the rubber at each

side of the blade, held it taut at the moment of cutting. One of

the cutting cylinders bore pins which, by impaling the leading end

of the once-folder web, enaljled it to carry the paper part way
around until the instant arrived at which it was cut from the

web and became a " sheet." Then, as the pins released its

forward end, it was struck across its middle by a suddenly-

protruded folding blade, carried within the cylinder, and driven

downwardly between a pair of co-operating rollers by which

a second or transverse fold was given it. The twice-folded

paper was then shot into a rotating frame of S-shaped arms, called

a " fly," which laid it upon a slowly-moving apron of endless

bands from which, when papers enough had gathered, it was re-

moved by hand. W^orking in conjunction with the fly was a device

Vol. CLXIX, No. ioio— 2
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which sHghtly threw out of position every fiftieth paper ; so the

necessity of hand-counting, except for smaller quantities, was

dispensed with. It should be added that the cylinder which was

opposed to the sheet-bearing cylinder described, was so fitted

with pins that it could also perform the function of collecting,

and thus papers of double the number of pages be produced. This

cylinder bore the serrated knife, while the sheet-bearing cylinder

carried the rubber-slot and folding blade described. When it

was wished to collect the forward with the after product of the

press, the pin mechanism carried by the knife-cylinder picked

from the other cylinder the first-coming sheet by its forward

edge and, after making- a revolution which gave the second sheet

time to arrive, replaced the first sheet upon the first cylinder

directly upon the second sheet. The collected product was there-

after folded, delivered, and counted as a single newspaper.

But two other features of the press under description—which

is the newspress of the present day—remain to be mentioned.

Some years ago it became the practice to construct presses four

pages in width. This necessitated the employment of double-

width webs. Its advantage lay in the fact that by means of two

rounded bars, set at an angle of 45 degrees with respect to the

direction of travel of the paper, it was possible after the web
was printed and split to transfer part of it across the press

and impose it upon its other part. Thus, the portion of the

web printed at one side of a press could be transferred later-

ally, and associated with the portion printed at the other side of

the machine, and both pass into a folder to emerge as a single

product of a greater number of pages.

The printing machines of the present day are composed of

many printing-couples, the products of which are gathered folded

and delivered by one or more folding machines. A printing-couple

is composed of the plate-bearing printing cylinder and its co-

operating blanket-covered pressure-cylinder. It is by the latter

that the web is borne to receive the impress of the type. A four-

couple press of four pages in width has usually two folding

machines, or " folders " as they are called. The normal speed

of the modern folder l)eing 24,000 newspapers an hour such a

press may be run at the hourly rate of 48,000, four, six or

eight-paged papers. Or, if its two webs are split and the parts

from one side are transferred over and combined with those of
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the other, and all arc run into one folder then, as but one folder

is being used, the number of pages of each newspaper produced

may be doubled, but a production of but half the numl>er of news-

papers will be possible. Thus lo-, 12-, 14- or i6-paged papers may
be produced by a four-couple press, which is technically known as

a Quadruple, or " Quad " machine, at the rate of 24,000 copies.

A machine having six printing-couples, known as Sextuple, or
" Sex," by using two folders is capable of all the combinations

of a " Quad," but by using an additional web is able to make
10- and i2-paged papers at the rate of 48,000, and 18-, 20-, and

Fig

Hoe Double Octuple Printing Press— -composed of S double-width printing mechanisms,
and 8 folding machines. Its maximum indicated capacity is 192,000 f ur-paged, or 96,000
eight-paged papers an hour. When completely plated it requires 128 stereotyped printing
plates.

24-paged papers at the rate of 24.000. an hour. An Octuple,

having eight printing-couples and using four webs is capable

of turning out products of 14 and 16 pages at the greater rate,

and of 26, 28. 30 and 32 pages at the lesser rate, of si>eed. Oc-

tui)le machines .usually have four folding- mechanisms and thus

are able to attain a rate of output upon products having eight

pages or less of 96.000 copies. There are. also, machines in

use having twel\e printing cini])les; while still others, known
as Double Octuples, have sixteen. With collecting mechanisms

at work in each case a jiroduct of double the number of pages

may be obtained; but at half the full rate of jiroduction. Com-
petition has recenth- dri\en the manufacturers of newspresses
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to rate their machines higher in speed than that mentioned, but as

no essential change has been made in the mechanisms employed

little real gain in the actual hourly average of product has re-

sulted. It should be understood that the rates of output cited

are merely " indicated." In practice the speed of two hundred

turns of a press-cylinder per hour which, if continued for the

hour, should produce with one folder 24,000 copies, actually

results in but from 16,000 to 18,000, more or less. A press must

be stopped when each of its web-rolls expires and resupplied with

paper, which greatly reduces the number of minutes run in the

hour, and paper-breakage, which is a frequent source of trouble

and delay, still further reduces its output.

In the foregoing description of the development of the modern

newspress, I have not thought it necessary to refer to the transi-

tory forms of machines which have occasionally appeared, but

have deemed it sufficient for the purpose of this lecture to trace

the main stream of progress along which the machine of to-day

has come.

From the foregoing it will appear that the newspaper now
depends upon the co-operation of three important mechanical de-

partments: the composing room, the stereotyping foundry, and

the press-room. Having shown how the newspaper is " set,"

and how it is printed, I shall now take up the indispensable link

which connects the two. This brings me to the main subject of

my lecture, Stereotyp}', Old and New. In order to illustrate

the great importance of the art of Stereotypy I shall set be-

fore you the images of two newspaper offices, the one with

out, the other having, the advantages which stereotypy confers.

In the first the type, clamped in curved frames called " turtles,"

may be used upon but one press. The turtles having been secured

in place and the machine started, in the course of an hour's time

10,000 copies, or at most 20,000, are produced and distributed.

How little such a puny output could satisfy the needs of the pres-

ent day will appear when it is known that the circulation of many
evening papers is now above three hundred thousand copies, and
that there are some that closely approach to half a million. My
second image need be nothing- more than that suggested by the

statement that in a modern metropolitan newspaper office will

often be found combined in one form or another from forty to

sixty complete perfecting printing mechanisms; and that within
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twenty minutes after the arrival at its stereotyping foundry of

the last page of type all of its presses fully supplied with printing

plates will be turning off newspapers at the speeds I have men-

tioned. The importance of the art of Stereotypy is plain when

it is realized that by means of it a plant containing sixty press-

units is now possible, and that such a plant is capable of producing

the equivalent of from seven to ten hundred thousand eight-

paged newspapers an hour. Thus it will be seen how vastly it has

multiplied the productiveness and therefore the usefulness of

one of man's greatest mechanical discoveries—type.

Fig. ;;.

A Finished Stereotyped Printing Plate.

In the year 1890 I first became interested in the art of Stereo-

typy, which was then being practised exclusively by manual
means. But a few devices, power-driven and hand-controlled, had
been provided to facilitate its work. One was used to remove the

riser or sprue of the freshly cast plate, while another, when the

plate had been dropped into it by hand, served to smooth out the

plate's inner, or seating, surface. In but one other function

was the work of the hand assisted by power. The moist papier-

mache sheet, or " flong " as it is called, after it had been laid

upon the type-page and covered with a felt pad, was moulded
to the face of the latter by an iron roller beneath which it was
drawn upon a bed propelled by power. Excepting these, all of

the operations of stereotyping required the direct employment
of the thought, the eyes, and the hands of workmen.

The process of stereotyping then in vogue may briefly \^e
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described as follows : To prepare the flong two blotter-like

sheets of paper were pasted together, and upon one side of these

four sheets of close-fibred rice-straw tissue were pasted. The
paste used, its composition then a trade secret, was of flour, a

Fig. 6.

Hand Plate Making—selling the matrix.

elay, and a germicide, the latter to prevent fermentation. Flongs

enough were made for the next day's requirements, and these

were allowed to season in a moist place. As each type-page

reached the foundry a flong was laid upon it, tissue-side down.
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and upon the flong a closely-woven stout felt blanket. Page

flong and jjlanket were then run beneatli an iron roller, the oper-

ation of moulding thus being i)erformed. Before the advent of

the moulding-press, the flong was beaten into the face of the type-

FlG. 7.

Filling the Casting Box.

page bv long-handled brushes; a slow process, which the roller

superceded. From the moulding press the type-page with its

moulded flong (now become a matrix) still clinging to its face,

was carried to a steam-heated iron table where, the moulding
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blanket having been exchanged for several layers of dry soft

blanketing, an unheated iron plate or " platen " was screwed

down upon it. Heat, thus applied to the type, drove all moisture

from the matrix into the blankets and usually in from four to

six minutes the matrix, or " mat " as it is usually called, became
dry and was ready to be cast from. In the eighteen years that

have since elapsed this process of moulding and drying has under-

gone but a slight improvement. Better paper and paste have

increased the durability of the matrix, and an improvement in

technic has made it more sensitive to the delicate " effects " of

modern illustrations; but, if a slight reduction of the time con-

sumed in its making be excepted, the process of matrix-making

has scored no substantial gain. Of progress in the making of

plates, however, a different story is to be told.

When stereotyping was first adapted to newspaper printing,

certain implements were necessary in order that suitable printing

plates might be made. The employment of the rotary press

required that the plates be curved. It was also requisite that

they be of uniform thickness, and that their curved ends be

bevelled so that they might be held by clamps to the cylinders of

the press. These conditions necessitated the use of a curved

casting-mould, or " box " as it is called. In this the paper matrix

was bent and clamped. The mould was then closed, a hinged

semi-cylindrical core acting as cover, and into it a ladleful of

molten stereotype metal was poured, by two men who had fetched

it from a nearby cauldron. After the appropriate time for

solidification had passed the mould was opened and the casting,

with its clinging paper matrix, removed. Then the delicate

operation of stripping the matrix from the face of the cast was
cautiously performed, and the matrix was returned to the mould
and repositioned for another cast. Meanwhile the first cast

was placed upon the cylinder of a " cutting-off " device where,

after having been nicely positioned and securely clamped, it was
turned beneath a power-driven rotary saw and its riser, or

rough upper end, removed. The saw of this apparatus was so

shaped that it left the curved edge of the cast bevelled. The cast

was then turned and its other end passed beneath the same saw,

in order to insure to it likewise a satisfactoiy clamping surface.

The cast was then inverted and dropped face-down into the

hollow of a " shaving-out " device, in which a rotating straight-
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edged knife served to smooth or plane its inner surface, and to

give it an accurate thickness. In order to reduce the surface

thus needing to ])e planed it was customary to construct the core

about which the cast was to be made with narrow circumferential

Fig. 8.

Opcmng the Casting Box.

grooves, set an inch or so apart. In the casting operation these

grooves were reproduced upon the inner surface of the cast as

ribs, or finishing strips, and furnished a surface which, when
planed, was ample to supix)rt the cast plate under the pressure
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of printing. After it had been shaved the cast was next set, face

up, upon a fixed cyh'nder, or " horse," where two men, with hand-

plane and chisel, removed from its edges all superfluous metal,

which might otherwise take ink and print. This was called

Fig.

Removing the Cast Plate.

finisliing.' From the finishing horse the cast plate was next

carried to a trough and cooled, and thence to the press-room

where it was dried and clami>ed to the cylinder of a press. All

of these operations, save only the propulsion of the cutting-off
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saw and shaving knife, were performed by hand. And for each

plate made every function, from the precise positioning of the

matrix to the drying of the finished i)late, had to be repeated.

The casting mould was a heavy and clumsy piece of appar-

atus, which consisted of back and core, a 1x)ttom " ring," be-

neath which the lower matrix-edge had to be clamped, two side-

bars which had then to be laid upon the straight sides of the

matrix to hold it in position, and clamps for finally locking the

halves of the mould together before it should be stood on end

to be filled. Two men were required to insert and position the

matrix, and put the mould together, and likewise to take it apart

after its contents had cooled, and remove the cast and matrix.

Another man was required to cut off the riser, a fourth to shave

the plate, a fifth and a sixth to " finish " it, and still another man
to dip it. The rapidity with which such a crew could work, with

a single casting mould, was at the rate of a plate in every minute

and a half. Thus in order to produce ten plates from a matrix,

or enough to supply five quadruple presses with the plates re-

quired to enable them to print a single page, from fifteen to

twenty minutes were consumed. If, in. an office liaving five such

presses, an eight-paged paper was to be run, eighty plates had to

be made, the casting and finishing of which consumed nearly

two hours, if but one casting box were used, or half the time if

two, as was the custom, were employed.

.As the circulations and bulk of newspapers increased, presses

and pages were added, until at last the one hundred-odd paged

Sunday issue, produced in a press-room having no less than

sixty unit printing mechanisms, each requiring perhaps sixteen

printing plates, ceased to be a rarity. .As its pages and presses

grew in numljer. so also did tlie stereotyping plant of a news-

pa])er in the number of its men and pieces of apparatus. And
at last the pressure of plate-making became intolerable in the

offices of the large metropolitan journals. Nevertheless, up
to the close of the last decade of the last century, the process

of stereotyping was carried on in the primitive manner described,

and entailed the performance of hard manual labor under in-

jurious conditions of temperature and haste.

The accompanying illustrations of the hand-worked process

of plate-making exhibit the principal operations to which I have

referred, and are representative of the most advanced state of the
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art when, in 1900, the Autoplate machine was first set to work
in the office of the New York Herald. Perhaps the most concise

summary anywhere to be found of the nature of the change

effected by the introduction of machine stereotypy, is in the fol-

FlG. 10.

Stripping the Matrix from the Cast Plate.

lowing extract from the Neiv York Herald itself :
" The third

department of newspa^^er mechanics—stereotyping—has re-

mained almost at its starting point, one of the few arts still

in the realm of hand labor. It is twenty years since the last
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improvement was made, and now, in the last year of the century,

the art is raised to the mechanical level of its sister arts by Mr.

Wood's invention, which does automatically, with few men's

hands to aid it, what formerly required many hands and four-

FlG. II.

CuttinR the Riser, or " Tail." from the Cast Plate.

fold the expenditure of time. Thus, in the closing year of the
nineteenth century the last act of the mechanizing of the print-
ing trade has been accomplished. First came the rotary press
in i860, then the linotype in 1888, and now the autoplate in

1900."
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Speaking generally, the Autoplate consists of a casting mech-

anism and a series of finishing mechanisms which automatically

co-operate in one machine to make the casts and finish them.

When used to make plates of the conventional half-inch

thickness, its speed is four finished plates a minute; but where

the thickness is but a quarter of an inch, from seven to

eight plates a minute are easily to be obtained. In the casting

mechanism, which occupies one end of the machine, the matrix

is placed. The operator by the movement of a lever starts the

machine to casting, and this proceeds automatically until the

desired number of plates is made and forwarded to the finishing-

mechanisms. Then, by a reversed motion of the lever, the cast-

ing mechanism is brought to rest, when the matrix is exchanged

for that of another page. So quickly may this exchange be made
that there is lost but the time required to make one cast. Mean-
while, the finishing mechanisms, which run continuously, finish

and eject the remaining plates of the previous casting operation.

While the machine is at work the matrix is cared for automati-

cially : having been once inserted it requires no further atten-

tion until its full quota of plates is cast. Its controlling mechan-

ism is so constructed that the matrix is manipulated with the

utmost gentleness and precision; and as many as a hundred casts

may be made from a single matrix.

From the casting- mechanism the plates go automatically

through various finishing operations, and when delivered are

ready for the press. These operations consist of sawing off the

sprue, which is cast by the Autoplate machine at one of the

straight edges of the plate; of sawing a narrow strip from the

other straight edge of the plate ; of shaving the plate's inner

surface to bring the plate to accurate thickness; of accurately

dressing the bevelled clamping edges and, upon the latest

machines, of finally bathing its inner surface to cool the plate,

without wetting its printing face. Thus, the entire work of

casting, finishing, and cooling the plate is now automatically

performed at the rate of eight plates a minute, by a machine
which may be run by three men, whose only work consists of

supplying its furnace with metal, its casting mechanism with

matrices, and of removing the finished pkites when ejected by
the machine.

By the hand method of plate-making the same amount of
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work could not have been done by less than 35 men ; and even

with so large a force the saving of time made possible by the

Autoplate could not have been obtained, for eight matrices in-

stead of but one \vf)ul(l have been required.
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The time saved a newspaper by means of the Autoplate

machine may be divided into two parts ; that which occurs in the

closing of its type-pages which, because of the speed of the

Autoplate. may now be held open longer than previously was
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possible; and that which occurs in starting the presses after the

last page is closed. Not only may the first press of a battery

be started earlier, but each succeeding press will receive its full

complement of plates many minutes ahead of its former starting

Fig. 13.

Removing Surplus Metal from the Surface of the Plate, by Chisel and Plane.

time. Thus, a large portion of the time that each press formerly

spent in waiting for plates is now utilized in producing news-

papers, and a great increase of product during the first portion

of a run obtained. It is apparent, therefore, that the Auto-
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plate increases the capacity of the composing-room by giving

it more time in which to work, and enlarges that of the press-

room by making possible the early starting of presses which

otherwise would stand idle awaiting their plates; and thus fewer

presses need be used. Furthermore, the Autoplate shortens the

time between the receipt of news and its publication, and reduces

the cost of stereotyping.

The following is a brief technical description of the machine

itself. The core, about the lower half of which the plate is

cast, is a cylinder having a journal at each end. These, being

supported by the housing of the maciiine, hold the core in a hori-

zontal position. The cylinder is fed with cooling-water, which

enters through one jcnu-nal to spray the upper side of its inner

surface, and is siphoned out through the other. The cylind-

rical core has an intermittently turning movement; for seven-

eighths of a complete action of the machine it is stationary,

and during the other eighth is gi\en a half turn and brought to

rest. Thus, each of its two semicylindrical surfaces, or faces,

is alternately beneath and above. Beneath the cylinder is a co-

operating concave part, called the " back," which has a periodical

up and down movement of about six inches. When in its upper-

most position it embraces the lower lialf of the core, with space

enough between the two in which to cast a plate of the desired

thickness. For three-fourths of the machine's cycle of opera-

tion the back is in engagement with the core, after which it

drops away, to permit the semi-rotation of the cylinder. The
back, when casting is not being done, lies at rest in its lowermost

position, ready to receive a matrix. At each of the straight

sides of the back is a sliding bar carrying a si)ring-seated matrix-

clamp. These bars are secured together and can be moved out

or in after the fashion of a drawer. Extending from the back,

towards the operator, is a concave continuation of the back, upon

the straight edges of which these matrix bars run to their outer-

most position. This extension is called the loading tray. In it

the matrix is laid to be put into the clamps. After the clamps

have closed upon it, the clamps and the matrix together are slid

into the space intervening between cylinder and back. Then the

casting-lever is thrown down, and the parts of the casting

mechanism go into operation ; when the back, carn.ing clamps

and matrix, closes up beneath the under side of the cylinder, and

Vol. CLXIX, No. ioio—3



114 Henry A. Wise Wood.

the matrix is automatically positioned within the circle of the

box. Thus, there is provided between core and matrix a semi-

circular space equal in length, breadth, and thickness to the size

of the plate to be cast. At one of the straight ends of this space,

Fig. 14.

Cooling the Plate Before Sending it to the Press.

and completely closing it, is the long straight mouth of a pump-
spout. Through this spout, rising from a pump which is im-

mersed in a cauldron which usually holds 12,000 lbs. of molten

stereotype metal, the charge of metal is sent immediately into
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the casting space descri1)C(l the instant the back has formed it.

The opposite straight side of the casting chamber having

already been closed by the matrix-clamping bar carried at that

side by the back, the space is sealed and the charge of metal

injected (about 40 pounds) is securely held until it has Ix-en

cooled by the water-chilled cylinder and back. As the pump
plunger is operated by a cam-compressed spring, which con-

tinues to ap])l\' ])ressure to the metal in the chamber during

its solidification, the shrinkage of the cast is minimized.

In the Autoplate niacliine metal is usually run at 475°

Fahrenheit, and a half-inch ])late requires about ten seconds in

Fig. 15.

The Autoplate Machine—rear view.

which to solidify. Therefore, after ten seconds of dw^ll the

pump plunger is released, and draws down from the mouth-piece

all the molten metal it contains, thus leaving nothing but the cast

to be dealt with when the chamber is opened. So shaip is the line

at which congealation ceases, an inch above the head of the plate,

that after the remaining molten metal has run back into the

pump cylinder, and the plate has been ejected, no metal, either

in molten or solid form, is left in the mouthpiece to cause clogs,

or other difficulties. The cast being hard, the back descends and
the matrix-retaining clamps, which are spring-controlled, gently

strip the flexible matrix from the plate. This still adheres to

the under side of the cylindrical core about which rt has been

cast. So soon as the stripping of the matrix is finished—

a
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delicate operation, performed with great dexterity and speed by

the machine—^the cvHnder is caused to make its half-revolution,

and the plate is brought thereby out of its position beneath the

cylinder to that above it and comes to rest. Then the back, with

its matrix, once more closes against the under side of the cylinder,

the pump acts, and another plate is cast; this time upon the re-

verse side of the core. Meanwhile the first cast has been lifted

from the top of the core and pushed along, upon its straight

edges, 1>etween two horizontally rotating saws, making 3500
R.P.M. These remove the narrow sprue cast upon one

straight edge of the plate, and the narrower over-cast portion

at its other straight edge, and trim the plate at both edges close up

to its type surface. After passing the saws the plate goes beneath

the dome of a shaving arch, where it comes to rest. Into the

smooth inner curve of this it is then lifted and clamped, and a

straight, rotating knife promptly smoothes out its inner surface

ribs, bringing it thereby to proper thickness. As the process of

shaving gives the plate not only its thickness, but also the exact

curvature of the press-cylinder upon which it is to be clamped,

it is most important that it be accurately performed. This is in-

sured by having the parts of great strength and accuracy, and by

passing water through the arch-casting. The latter prevents

the distortion of the arch, and consecjuently of the plates, which

would occur if the shaving-arch were permitted to accumulate

heat, and expand. At each end of the shaving knife is fixed a

small hook-like chisel. This reaches over the bevelled edge of

the plate, made roughly in casting it, and trims the edge close to

the type. By this time a second cast has reached the " shaver,"

as that device is called, and the first plate, being finished, is

drawn out by an ami and passed over a wetting apparatus. By
means of the latter tlie plate is given a final cooling, from its

inner side only, which leaves the type side try. The plate, now
finished and cold, is ready for press.

The fundamental principles of the Autoplate machine may
thus be set forth :

The cast, being made upon the under semi-diameter of a

cylindrical core, may be quickly and easily ejected by a half-turn

of the core. This arrangement permits of a double speed in

casting, as two core surfaces are alternately used—the one having

opportunity to cool while the other is in use. It further pro-



MoDEUX Stkkkotvpv. 117

vides {\\u natural ])(»sUires for the \v<jrk of casting and delivering

the plate. Tims the ])late is cast with its printing surface be-

neath, wliich insures a good face; and upon its ejection from the

casting cham1)er is left face up, resting upon its two straight

edges, in positi(jn to he most easily mechanipulated." More-

over, as the operation of casting the plate occupies but the

under part of the core, and that of delivering it fr(jm the core

occupies onlv its upper ])art. both functions may simultaneously

take place. 1'his greatlv increases the celerity with which the

machine ma}- be worked.

The matrix is meclianipulated : the meciianism used for the

])urpose acting with a gentle, uniform motion, to position the

matrix with accuracy for each ca.st to be made, and to strip

it fnjm the resulting cast without injury of its delicate texture.

Thus as many as one hundred casts have been made from one

matrix.

Several safety a])])liances are embodied in the machine. One

consists of a stud with a \"-shaped nick which is cut to surround

its middle portion. This stud, being inserted in a hole common

to two adjacent elements of the driving mechanism, serves to

communicate from one to the other the power furnished to drive

the machine. As the nicked portion of the stud lies at the point

of juncture of these elements, and its nicked section is of sutifi-

cient strength to transmit the necessary power, it will serve under

normal conditions to drive the machine. But as the nicked sec-

tion of the safety pin. as this is called, is weaker than the weakest

part of the machine, it will instantly give way if the machine be

obstructed, and the machine will then come at once to rest. The

obstruction having been removed and another pin inserted work

may immediatelv be resumed. As Autoplate machines were to

be used by workmen unskilled in the care and use of automatic

machinerv such a safety device became necessary. Error-pre-

venting appliances, also, are employed. By means of these it is

not possible, for instance, to insert the matrix-clamping mechan-

ism in the casting chamber unless, the matrix l)eing inserted, all

its i;)arts are in jiroper position ; nor is it possible to start the

' In my experience I have frequently felt the need of a word which
should express the ' handling " of its work by a machine, as the word
vtanipulatc expresses the handling of the work of a man by his hands. To
fill the gap I have made bold to coin and use the word iiicchanif'uliitc, which
is here employed.
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casting mechanism to work until the matrix-clamping device is

safely and properly positioned in the casting chamber. During

operation the matrix device cannot be withdrawn from the

chamber, for in order that it may be withdrawn casting must

first cease. While the casting chamber is open, and the matrix

parts are out of position, the pumping system is under restraint,

so molten metal cannot, by any carelessness of a workman, be

ejected. The Autoplate machine has so successfully been made
" foolproof " that a mishap is an extremely rare occurrence.

Fig. i6.

The Junior Autoplate Machine—which casts, cuts the riser from, and delivers 3 plates a min
ute. These have subsequently to be shaved and cooled.

Autoplate machines cost $25,000 each. The Ahzv York
Herald has three, the Nck' York World four, the Nezv York
Times two, the Chicago Daily A^ezvs four, and the Tribune of

Chicago three. Other large newspapers throughout America,

Great Britain, and Europe, also, have them in use. Many in-

stances of pay-roll savings, ranging from $30,000 to $40,000
a year, may be set to the credit of this machine ; while in the

saving of time, a still more valuable consideration, some surpris-

ing results have been achieved. One of the largest New York
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daily newspapers, for instance, is now closing its type-pages

twenty minutes later than it formerly could, and whereas its

whole battery of presses used to require an hour in which to be

set to printing, it is now got to work in less than fifteen minutes.

The gain of this particular newspaper may be summarized as:

a yearly saving of over $40,000 in wages; twenty minutes of

added time in which to gather news and advertisements ; and the

ability to get all of its presses running some forty minutes earlier

than formerly, which enables it to catch earlier and more trains

and thus vastly to extend the area over which it circulates.

In addition to these advantages this newspaper has been able

to increase its selling time on the street, and greatly io improxe

its typographic api)earance.

Coincident with the adoption of the Autoplate machine by the

dailies of the larger cities there arose a demand, from newspapers

of lesser magnitude, for a similar machine suitable to their needs.

This was supplied in the Junior Autoplate, a very much less ex-

pensive apparatus, but one built upon Autoplate principles. Sev-

eral functions, in the parent machine automatically performed, in

the Junior Autoplate were assigned to attending workmen. The
cylindrical core was stood on end and, with the back, which

Avas similarly positioned, was given additional length to provide

a sprue of sufficient lieight to insure the pressure necessary for

perfect casting. In this machine the casting space was left open

at its upper—its curved—end and was filled from an over-hang-

ing spout by means of a hand-worked pump, immersed in a

10,000-11). pot of molten metal. The back was moved to and

from the core by a hand-worked lever, and after the cast had

cooled and the back had been drawn away, the operation of a

hand-worked clutch-lever set the cylinder to making a half-turn,

by power. As in this case the plate was " poured " at one of its

curved ends, its straight sides required no subsequent sawing;

nor did they require hand-dressing, because of the fact that the

matrix-edges and the clamps were made of such shape that all

protrusions at the straight-edges, save only the type itself, were
cast below printing height. But the riser, which constituted the

upper curved portion of the cast, as in the case of a hand-made
plate, had to be removed. This was done during the half-turn of

the cylindrical core which turned the cast out of the casting cham-

ber. Two saws were then thrown into position ahead of the plate.
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one at the height of the upper edge of tlie printing plate itself,

and the other opposite its lower bevelled edge. As the cast

passed these saws one severed the sprue from the plate while the

other trimmed its lower edge. Small pockets in the cylinder

surface, into Avhich the metal of the cast had run, acted during the

sawing operation to hold the sprue and plate securely to the

cylinder, where these continued to cling after they had been sawn

apart. The cylinder having come to a stop, the back, with the

matrix, was again closed upon its rearmost side, and another

charge of metal thrown into the casting chamlier. While this was

being cooled bv the water-circulation of cylinder and the back, the

workman removed the first sprue and, after tossing it into the

pot, removed the first cast. This he dropped into the old, con-

ventional sha\'ing device, and planed it out in the usual way
After having been shaved, dipped, and dried by hand the plate

was then ready for use. The freeing of the sprue and cast from

the cylindrical core, it should be remarked, was accomplished

by means of a slight blow delivered by the straight edges of the

back when closed for a succeeding cast. Thus freed from the

core the plate was left standing upon a shelf, upon its low'ermost

curved edge, whence it was removed by hand. The sprue, still

held to the cylinder by a couple of pins, from which it hung, was

easily removable by hand. Two unusual engineering practices

were necessary in this machine. The saws, making 4000 R.P.M.,

had to be driven to cut in the same direction as the cast moved.

This was done so that their dust should not be thrown into

the casting-ch.amlier to prevent its making a tight joint at closing.

The upper saw had to be set to cut directly against the iron of

the cylinder. Both were successfully accomplished, and have

since worked without trouble. But one further feature of the

Junior Autoplate machine need be mentioned—the device em-

ployed to inform the workman when to open the casting chamber.

In hand casting it is left to the operator to determine just when

the cast is sufficiently hard to be removed. Thus, much time is

unnecessarily lost. It was to save this waste of time that an

announcing mechanism was applied to the Junior. It consisted

of a gong and a slowly driven toothed wheel, by a notch of which

a spring-pressed clapper could be engaged and cocked. A cam-

like piece secured to the framing, but adjustable about the centre

of the wheel, was provided to trip the spring-pressed clapper at
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any gi\en point whicli niit^ht be cli<jsen, and permit it to tly back

and strike the gong. 'Idnis, if the tripping-cam were set at a

point to reach which it required the n(jtch of the wheel that held

the clapper-lever ten secc^nds of time, the gong would be sounded

ten seconds-after the clapper liad 1)cen thrown into engagement

with that notch. From the handle of the pumping mechanism

tised to fill the casting chamber de])ended a finger, which acted

to cock the clapper at the momeift the ])ouring stroke of the pump
lever occurred. By this arrangement the gong, if its cam were

adjusted to allow the normal time required to cool a cast, made

from metal at a given temperature, could be depended uix)n accur-

ately to announce the arrival of the moment at which the cast

should be removed. To set this device it re(|uired merely a

knowledge of the speed witli which the particular metal used

solidified.

In the Junior Autoplate, it will be observed, the fundamental

principles of the Autoplate machine recur : the matrix is stripped

and repositioned without the intervention of the eyes or hands

of the workman ; casts are successively made upon alternate sides

of a cylindrical core ; a half-turn of the core simultaneously ejects

a cast and presents a fresh casting-surface ; and the closing of the

chamber frees the preceding cast from the core so that it may
thereafter be removed during the succeeding casting operation.

In the Junior Autoplate, however, a new principle, among other,

minor ones, is to be found : the cast is cut from its sprue while

both are attached to the core, by means of a saw working* in con-

junction with the latter. The rate of prodtiction of the Junior

Autoplate machine is three plates a minute. Its plates however,

as delivered by the machine, are not wIk^IK- hni.shed btit ref|uire

thereafter to be shaved, dipped, and dried.

In many instances newspapers have purchased not one but

several Junior Autoplate machines. This has led to the construc-

tion of the double Junior, wdiich consists of two Junior Autoplates

attached to an elliptical pot, one at each of its ends. The ix)t em-

ployed is usually of 16.000 lbs. capacity. The machines are

made right hand and left, and are independent of one another.

Such an equipment requires the use of two matrices, one for each

machine, and its rate of production is six plates a minute.

Having finished the construction of the double Junior Auto-

plate, a new apparatus called the Autoshaver was next provided.
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to shave, cool, and deliver, dry, the plates made by Junior machines.

This consisted of an inclined run-way of stud-supported, flanged

wheels, along which the plate might run by gravity, upon its

straight edges. At the upper end of this runway was a re-

ceiving station, its exit barred by a cam-worked gate. Next

along the route of the plate came a shaving arch, it also having

at its lower end a cam-worked gate ; then below the shaving arch

a water-saddle, the exit of which was likewise barred and, finally,

bevond this a receiving station beneath which rotated a

Fig.

The Autoshaver—which shaves, cools, and deliver?, ready for press, plates made by the
Junior Autoplate. Its capacity is 6 plates a minute, which enables it to serve two Junior
machines.

brush, to clear the plate of such water as might adhere to

its under side. Driven by the operating mechanism of the

machine were cams, which worked the gates, a constantly ro-

tating shaving knife within tlie arch, clamps for therein securing

the plate, and the brush. The shaving arch was cooled as in

the Autoplate by the circulation of water, which went thence to

the water-saddle. There, over a series of riffles, the water broke

into cascades so arranged as to compel it to contact with the

inner side of the plate, which it cooled. The Autoshaver made
six revolutions a minute, and was capable of receiving a plate at

each revolution. To use it it was only necessary that a plate from
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a Junior should be j^laced and left on the receiving stand, with its

straight edges on the wheels of the run-way. At the proper

moment the first gate opened and let the plate run into the arch,

where the second gate arrested it. There it was clamped and

shaved, and at the proper moment released to run out and onto

the water-saddle. After having l^een there held for an instant,

and cooled, it was released by the last gate, and ran forward to

the delivery stand where, being brought to rest by a stationary

stop, it was brushed out, and thereafter stood ready to be sent to

press. Having a capacity of six plates a minute the Autoshaver

Fig. 18.

The Double Junior Autoplate-Autoshaver Equipment—which consists of two Junior
machines attached to one furnace, and an Autoshaver capable of finishing their product.
Capacity, 6 printing plates a minute.

was capable of finishing the product of a double Junior Autoplate

machine. Thus, it has become the custom to install with every

double machine, an Autoshaver. The New York American,

for instance, uses three such equipments, having a combined

capacity of eighteen finished plates a minute. In this newspaper

office its Autoshavers are so arranged that their finished plates are

taken from them by automatic carriers to the various press-

rooms in which they are to be used. Thus, a stereotyper touches

a plate but once, in transporting it from Junior to Autoshaver.

In concluding the subject of the evening, it may lend a touch

of human interest to what has been of necessitv but a drv relation
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of mechanical facts, if I state that nearly $2,000,000 worth of

Autoplate machinery has been sold at home and abroad ; and that

it has been carefully computed that in the United States and

Canada there is now being- made by its use a yearly saving of

over $350,000.

In this address I have sought, as clearly as might be, to sketch

the mechanical progress of the newspaper from its beginning to

the present day. But I have not undertaken the fascinating task

of forecasting its future. It is, indeed, strange that, having all

the facilities I have described, the most progressive newspapers

of the time still feel themselves to be as heavily handicapped

as could ever have the newspapers of old. But such is the case.

The incentive to progress still exists, and the rewards to be

won in the future are even greater than were those of the past.

In the press-room, I am fully convinced, will come the next

great advance.

TUNGSTEN IN 1909.

PRELIMINARY STATEMENT BY THE GEOLOGICAL SURVEY.

The production in the United States in 1909 of tungsten concentrates
reckoned at 60 per cent, of tungstic trioxide was 1958 short tons, valued
at $746,130, according to figures compiled by F. L. Hess, of the United
States Geological Survey, from returns received from producers. These
figures represent the exact production for the fir,st eleven months of the
year plus the estimated production in December. Of this amount Boulder
County, Colo., produced 1401 tons, valued at $550,280.

LARGEST PRODUCTION RECORDED.

In 1908 the total production was 671 short tons, valued at $229,955,
and there was therefore an increase in 1909 of 1287 tons in output and
of $516,175 in value, or about 200 per cent. Although it is difficult to make
exact comparisons of production for dififerent years owing to the fact that

before 1906 no effort was made to estimate the ores at a common degree
of concentration, yet the tonnage of 1909 was the largest yet recorded
and the value of the product was exceeded only by that of 1907, which
was $890,048.

PRICES.

The average price per unit for the whole amount produced in the

United States in 1909 was $6.50. In the early part of 1907 the price was
$14, but it dropped to $9, and later to $5, and was still lower for most of

1908.



THE AUTOPLATE MACHINE.

[Report of the Franklin Institute, through its Committee on Science

and the Arts, on the Autoplate, a mechanism for producing stereotype plates,

invented by Henry A. Wise Wood of New York City. Sub-Committee;
Louis E. Levy, Chairman ; Harvey M. Watts, E. M. Ericsson, William L.

Loveland. No. 2397.]

The autoplate is a mechanism for producing stereotype plates

suitable for use on the fast-revolving cylinders of newspaper

printing presses. By means of this invention the flexible papier

mache matrices moulded from' flat forms of type are made to

deliver castings of stereotype metal, in the form of curved plates,

by a mechanical process which is practically automatic and which

produces these plates with a uniformity of perfection and at a

rate of speed heretofore unattainable.

Application for a patent on this device was made by the

inventor on March 4, 1898. The basic patent was issued on

February 17, 1903, and was supplemented by six other patents,

all of the same date, the numbers running consecutively from

721,117 to 721,123 inclusive. The machine was introduced to

practice in 1900 and has achieved a recognized position in the

art.

in the prior art of making curved stereotype plates from

papier mache matrices, the finished product is the result of a

series of operations performed by means of a number of separate

appliances worked manually by a gang of operatives. Apart

from the inevitable pot of molten metal, these appliances include

:

( I
) A heavy iron casting-box supported on trunions and con-

sisting of a jacketed concave cylinder, to which a convex coun-

terpart is so hinged that when closed the two surfaces are

parallel at such distance apart as to leave the space requisite for

the thickness of the casting. (2) An iron table with convex

surface, known as a " plate horse." and adapted to receive the

curved casting with its convex side up, for the trimming of the

straight sides. (3) A machine for sawing off the tail and

bevelling the curved ends of the plate and at the same time shav-

ing its bottom to an exact thickness and an accurate concave

surface.

Where these appliances are to be operated with all ix)ssible

dispatch a g'ang of six operatives, two at each machine, is

125



126 The Autoplate Machine.

necessary. Two of the men manipulate the casting-box, which

at the start has to be heated to a considerable degree—this is

usually by making a number of blank casts. They then adjust

the flexible paper matrix, with the mould-side inward, in the

curved hollow of the casting-box, while it is fixed horizontally

on its trunions, then bring the heavy convex cover down into

position over the concave matrix and fasten it securely in its

place, and then turn the closed box back on its trunions into a

vertical position, its upper end being open to receive the molten

metal. This, in the most advanced practice, is made to flow into

the box from the down-cui"ving mouth of a pipe reaching to near

the bottom of the adjacent melting pot, whence it is forced up

through the pipe by a pumping device. The metal having filled

the mould, cold water is run through the jacket of the casting-

box and quickly turned off. The box is then turned down on its

trunions to its horizontal position and the heavy cover is lifted

up-

Two of the men now take up the casting, with its adhering

matrix, from the hollow of the box and place it convex side up

on the nearby plate-horse ; here one of them strips the matrix

from the cast and hands it back for a repetition of the casting,

and both proceed to trim the side edges of the one in hand. This

done, the two men next life the casting from the plate-horse and

clamp it in the hollow cradle of a shaving machine in which the

edge of a broad knife is made to pass in horizontal revolution

over the concave surface of the plate to shave it to exact thickness

W'hile at the same time a fast-revolving milling tool bevels the

edges to fit the plate for the clamps by which it is held to the

cylinder of the press.

Working with all practicable speed, this system turns out

the completed product at the rate of about one plate per minute,

though in a spurt of rush a few plates can be produced at the

rate of two plates in three minutes ; but even at the normal speed

of manipulation, the handling of the hot castings, weighing

from 40 to 50 pounds, under the strain of haste in the heated

atmosphere surrounding the great pots of molten metal, exhausts

the workmen in a few hours of labor.

In the production of a daily paper the very fact that the work

must be accomplished from beginning to end within but a fraction

of the day makes every step of the proceeding a race against
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time. When it is further considered that the product must be

ready for distribution by each of the various agencies of trans-

portation,—the express trains, the mail service, and the indi-

vidual carriers,—at a definite moment of time, it becomes appar-

ent that these latter moments are the determining factors of the

entire situation. If 100,000 copies of the publication are to be

distributed, and these are to be finished on a quadruple press,

say at the rate of 25,000 per liour, then the printing must be

given a four-hour start ; that is to say, the last of the stereotype

plates requisite for the operation of the press, the so-called

'* starter " plates, must be done four hours before the last copy

is printed. Each quadruple press requires four stereos of each

page to " dress "
it. If, as is practically necessary, the time is to

be shortened, more presses must be operated, and correspond-

ingly more stereotypes of each page -will be needed. To reduce

the press-work time to one hour, four quadruple or two octuple

presses must be operated an a\'erage of one hour each, the first

one, '• dressed " with its full complement of plates, starting ahead

and running longer than the one which is last to receive its

"starter" plate. If now, 16 pages are to be printed, there will

be needed 16 duplicates of each form, 256 stereos in all. At

the rate of one per minute, this would mean over four hours

time ; the first form would then have to be closed and in the

hands of the stereotypers four hours ahead of the last. The
exigencies of the case make this practicable only with a few

pages of the paper, such as the editorial and some of the adver-

tising pages ; those presenting the news of the day must be kept

open to the last possible moment, which means simply the increase

of the stereotype plant and the number of men operating it.

Moreover, the last stereo of the last form, the " starter," takes

8 minutes to reach the first press and 16 minutes to reach the

second press, and where the edition runs larger, a still further

loss of time to reach the other presses, all waiting, the huge

complicated machines and their crews of 12 or 14 men each, all

standing idle to receive their " starter."

Under that system a solution of the problem presented to

the newspaper publisher required cither the omission of the

latest news or additional plant and operatives in the stereo room

and additional presses and operatives in the press-room. It

can scarcelv be imagined, and not at all described, what a strain
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and commotion pervades the stereotype room of a newspaper as

the moment of going to press approaches and the " starters
"

are being rushed through, and when the last of these has been

completed on a hot summer night it not infrequently happens

that one or more of the overstrained workmen drop to the floor

in utter exhaustion and have to be carried from the room.

Such was the state of the art in 1900, when after six years

of toilsome effort Wood's invention of the autoplate was put to

work. Its purpose was to give more working time to the great

plant of machinery in the newspaper press-room and to replace

the strenuous labor of the workman by automatic machinery,

and it not only accomplished these ends, but produces its results

in a quality as perfect as the matrices can be made to deliver

with the most painstaking process of manual labor.

, The task undertaken by Mr. Wood was virtually the inven-

tion of a series of machines so composed as to produce the

completed plate by the automatic operation of the successive

mechanisms. The crux of the problem lay really in the manipu-

lation of the flexible matrix, particularly in the production of

adequate means for mechanically stripping it from the curved

surface of the casting in such manner as to preclude all danger

of its being frayed in the process, and in providing effectually

for its automatic readjustment in place for the succeeding cast.

Beyond this were the requirements for supplying the metal to

the mould and for trimming, bevelling, and shaving of the

plate. The concept of these devices was at hand in the apparatus

already in use, but the co-ordination of the various appliances

into an organized series of mechanisms that should automatically

harjdle the heavy curved plate with great rapidity in the succeed-

ing operations was in itself an undertaking of serious magnitude.

The first patent for this invention, that of February 17, 1903,

includes practically all of its essential features, the subsequent

patents covering only various modifications of the first mechan-

ism. The primary element is the device for manipulating the

matrix in the cun-ed casting-box, and consists of an arrangement

in the nature of a frame, composed of two longitudinal bars

connected at their ends by semicircular spring strips, curved to

conform to the bottom of the concave casting-box. The flexible

matrix, bent into corresponding form, is secured along its straight

sides by clamps against the side bars, the spring strips resting on
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the curved surface of tlie matrix and along its ends. The side

bars of the frame arc provided with dovetails fitting into grooves

near the horizontal edges of the casting-box, permitting the

frame, with its contained matrix, to be brought into its proper

place in the box, and into proper relation to the cylindrical core

of the box. The casting is now effected by forcing molten metal,

by means of a pump, from the adjacent melting pot through a

spout into the space between tlie matrix and the core. This

done, cold water is turned on to flow through the jacketed

exterior of the casting-box; the metal quickly solidifies and the

water-current is cut off, so as not to cool the casting-box undul>

.

The box is composed of two segments, hinged on a pivot so that

when closed they form a continuous concave surface of the cur-

vature rc(|uired for the plate, and which, widening out when

they are opened, correspondingly flatten the curve described

bet\\een them. The segments are movable in relation to the

core, moving- away from it as they open out and returning t«i

their normal place when closed.

The cast having solidified, the two sections of the box open

out, and the matrix, held by tlie side bars along the horizontal

sides of the opening box, is thereby stripped away from the

curved plate along its two straight sides, and the entire box

moving away from the plate, the combined movement results in

peeling the matrix from the plate along its sides and in pulling

it straight away from the plate at the apex of its curve.

This stripping and removal of the matrix from the cast and

its subsecpient readjustment in place are distinctly the most

essential features of the autoplate machine, and are eft'ected with

uniform precision, tlie mechanism being one of remarkable

ingenuity.

The plate being free from its matrix, the cylindrical core

makes a half turn to move it out. In the course of this movement
the plate is carried past a saw' which cuts away its gate-tail, and

coincidentally both curved ends are trimmed on the requisite

bevel. While this is going on the casting-box closes and moves

the matrix into proper place in relation to the core, and another

casting is made. The plate meanwhile proceeds automatically

to an apparatus that shaves its concave surface to exact thickness

for the press cylinders, and so the various operations follow in

succession with such rapidity that the plates can be produced

\'oi.. CLXIX, No. loio—
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and delivered by the machine at intervals of twelve seconds,

and are never slower than four per minute.

The autoplate is, in fact, a congeries of mechanisms so com-

bined as to automatically effect a number of distinctly different

operations. The machine in its most developed form is a large

and costly affair, adapted principally for the requirements of

the great metropolitan newspapers. To meet the needs of

establishments of lesser magnitude, Mr. Wood has devised the

so-called junior autoplate, in which the essentials of the larger

machine are combined on a less complex plan, having in view

the production of plates at the rate of about three per minute.

The mechanism of the junior autoplate is remarkably simple as

compared with the larger machine, and it fulfils the requirements

of all but the great daily publications for which the larger

machine was designed.

Latterly, the autoplate machine has been developed by its

inventor to a yet greater efficiency. In its latest form it produces

plates at a rate of nearly seven per minute, from a single matrix,

and a device has been added for completely cooling the plate

when finished, so that it need not be dipped by hand in water

for that purpose, and a further device for drying the plate, so

that it need not be given its final wiping, as has always hereto-

fore been done by the pressman before he puts it on the cylinder.

There is also being added an automatic carrier between the

machine and the press-room, so that the plate will now go to

press without having to be touched by the hand of the operator,

and at a speed heretofore regarded as impossible.

The autoplate has indeed wrought a revolution in the

mechanical work of newspaper production, no less important in

the economy of daily journalism than that brought about when

the linotype machine supplanted the composing stick in the hand

of the compositor.

Fully recognizing the great service which the invention of

the autoplate machine has rendered to the progress of the typo-

graphic art and the importance of this invention in the develop-

ment of modern journalism, the Franklin Institute awards to

its inventor, Mr. Henry A. Wise Wood, the Elliott Cresson

medal and diploma.

Attest: James Christie,

June 3, 1908. Secretary.
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THE ELECTRICAL REDUCTION OF IRON ORE.

BY

JOSEPH W. RICHARDS,
Professor of Metallurgy in LehiKh Universitv; Secretary of the American

Electrochemical Society.

[The application of the electric current as a source of heat energy in

the reduction of iron ores would but a short time ago have scarcely been

seriously considered. Its possibility has however been more than demon-
strated. In this paper, Dr. Richards describes the work of several^ investi-

gators in the development and operation of this method of manufacturing

pig-iron on a practical commercial scale.]

This topic is one which a few years ago conld only have been

discussed in a speculative manner, and by one with the prophetic

gift highly developed. The reduction of iron ore by means

of the energy of fuel, in blast-furnaces, is carried on on such

a stupendous scale and with such great economy that the blast-

furnace has been frequently called our most perfect furnace, and

the possibility of electrical energy taking any part in this

industry appeared highly visionary. When electric furnaces

commenced to be developed on a commercial scale, it was
generally admitted that if they entered the iron industry at all

their best chance was in the production of highly expensive

special quality steels, costing $500 to $1000 per ton, and that

their poorest chance would be to compete in the manufacture of

pig-iron costing $10 to $15 per ton. Yet inside of five short

years, those who have watched the development of the electrical

iron and steel industr}- have seen small furnaces turning out

fine steels succeeded by larger ones manufacturing successfully

common steels, such as steel castings and rail steel, and finally

the operation of a larger electric shaft furnace manufacturing

pig-iron on a practical commercial scale.

Confining ourselves this evening to the electrical, production

of pig-iron, most of the credit for the recent advances should
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be given to the far-sighted interest of the Canadian Government

in this subject, principally, under the influence of its active

Director of the Department of ]\Iines, Dr. Eugene Haanel, of

Ottawa, and to the enterprising Swedes, principally Assar Gron-

wall, Axel Lindblad and Otto Stalhane, who have founded the

company " Aktiebolaget Electrometall " of Ludvika, Sweden.

If to these we add the names of H. H. Noble, of the Northern

California Power Company, and liis able assistant, Prof. D. A.

Lyon, who have constructed and operated an electric pig-iron

furnace in California, the list of active workers in this field is

nearly complete.

EXPERIMENTS OF THE CANADIAN COMMISSION IN EUROPE.

^Vhen, in Januar}-, 1904, the Canadian Go\ernment sent a

commission, under Dr. Haanel, " to investigate the different

electro-thermic processes for the smelting of iron ores and the

making of steel in operation in Europe," the commission found

and reported upon a number of different electric-steel furnaces

in commercial operation, but found not a single electric pig-iron

furnace at work. From the voluminous and most valuable re-

port of this Commission (published by the Canadian Govern-

ment, August, 1904) we learn that, being interested in seeing

what might be accomplished in this direction, several of the

European works were persuaded to make some experiments on

the production of pig-iron. Some of these tests are described

briefly in the following extracts from the report

:

At La Pvaz, France.—" Mr. Heroult was good enough to

make some experiments for us in smelting iron ores. The fur-

nace employed was exceedingly simple." . . .
" These ex-

periments were made for us by Mr. Heroult for the purpose

of demonstrating the simplicity of the process of reducing iron

ores by the electric process and it was not intended to demon-

strate a figure of cost ])er ton of pig-iron produced by this

process." It appears from the data given that this test was
very crude and poorly arranged. Too little carbon for reduction

was used in the charge, the furnace was run too cold, and the

power consumption ran up to 0.525 h. p. year i)er ton of pig-

iron obtained.

At Livct, France.—The Avorks of Keller-Leleux et Cie. pos-

sessed furnaces constructed for the reduction of ore, and used
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for manufacturing ferro-silicon and ferro-chroniiuni. These

were placed at the disposal of the commission, and two long

runs made of 55 and 48 hours each, with all the data carefully

controlled and checked. The complete details of these runs can

be found in tlie report of the commission. Illustrations of the

furnace used may be seen in the report. It is of the resistance

type, with two shafts, each with its vertical electrode em-

bedded in the charge, and connected by a well in which metal

and slag collect. The current passes from the electrodes to

carbon blocks embedded in the base of the furnace. The lining

was a rammed-in mixture of dolomite and tar, similar to that

of a basic-lined Bessemer converter. The electrodes were square,

280 mm. (II inches) on the side and 1400 mm. (56 inches)

long-. The 55-h()ur run was interrupted to put in a wattmeter,

and the metal set in the furnace, so that the power consumption

for this run 0.52 h. ]). year per metric ton of pig-iron, was

abnormal. In the second run of 48 hours no interruption oc-

curred, the furnace " working quietly, and without the slightest

accident : the gases discharging on top in flickering flames,

showing that the gas resulting from the reduction of the ore

escaped at low ]:)ressure. The workmen were ordinary Italian

laborers, without any special training."'

This second run was successful in producing, at will, dif-

ferent classes of pig-iron, gray, white, and mottled, and in

setting a definite figure for the amount of electric energy re-

quired per ton of pig-iron produced. The furnace was nominally

of 300 h. p. cai)acitv. but rumiing with 350 h. p. ; it consumed

0.25 h. p. vear ])er metric ton of pig-iron produced, using 41

per cent, of fuel. This is a satisfacton' figure, and is partly

attributable to running the furnace hard, i.e.. over its normal

capacity.

EXPERIMENTS OF THE C.\XA1)I.\X GOVERXMEXT AT

SAULT s. :marie.

On the return of the Canadian Commission from Eurojje.

and the publication of its report, the Canadian Government placed

at the disposal of Dr. Haanel and his staff $15,000 for in-

vestigating the suitability of the electric process for reducing

Canadian iron ores. The exjieriments were carried out early

in 1906. and may be found recorded in detail in the report
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published by Dr. Haanel in February, 1907 (Ottawa, Mines
Branch, Department of the Interior). An analytical discussion

of these experiments and the results obtained was presented by

the speaker to the American Electrochemical Society, at its

meeting in New York City, October 18, 1907, and published in

the Transactions of that Society, vol. xii, p. 81. The furnace

used is shown in Fig. i. The following conclusions from the

author's analysis may here suffice:

1. Too much carbon was used in every case, not allowing a

good utilization of the heat of oxidation of carbon in the furnace.

A smaller proportion of carbon, more perfectly consumed to

CO2 would have generated more heat and thus have helped the

furnace more.

2. The electric current furnished about two thirds of the

energy required for all purposes, the carbon one third.

3. The consumption of fixed carbon was 24 to 38 per cent,

of the weight of pig-iron, giving ratios of CO to CO2 in the

gases of 4.5 up to 9 (by volume) ; whereas a ratio of i is

possible, would require far less carbon, and would produce more
heat in the furnace. For the details of this analysis, the reader

is referred to the original paper. Some of these figures will be

used in the comparative tabulations at the end of this paper.

One thing is particularly worth noting: the Sault Ste. Marie

furnace was small and was worked hard, a condition favorable

for small conduction and radiation loss, and economy of power.

RUNNING OF THE SWEDISH SHAFT FURNACE.

The experiments at Sault Ste. ]\Iarie bore fruit first in

Sweden, by inciting experimenters there to construct a large

electric shaft furnace for the regular commercial production

of pig-iron. Messrs. Gronwall, Lindblad and Stalhane con-

ducted preliminary experiments at Ludvika, Sweden, in the

summer of 1907, with a small furnace of 300 h. p. capacity;

in the summer of 1908 a larger furnace of different type was
constructed, and in the autumn of 1908 a still larger furnace,

embodying the results of all their experience, was completed.

This furnace was designed for 1500 kilowatts, and may be truly

termed the pioneer electric pig-iron furnace. The best descrip-

tion of this furnace and its working are to be found in a paper

by Dr. E. Haanel in the Transactions of the American Electro-
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chemical Socicfx, vol. xv, p. 25, and in the subsequent report

of Dr. Haanel published l^y the Canadian Department of Mines,

Fig. 2
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in October, 1909, entitled " Inveslig-ation of an Electric Shaft

Furnace at Domnarfvet, Sweden. The following- details and
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illustrations (¥\g?,. 2 and 3) are taken from \)r. Haanel's
l)nblicati(')ns

:

The tr)tal licii^lu ab(nc the !L;-roun(l-level is 25 feet; the

I<k;.3.

OrdmarjBncH^ fire BricK^ Ma^nesife

Section of Ludvika furnace.

crucible is 7 feet hioh. the shaft 18 feet. The entire weight of
the upper shaft is carried on six cast-iron colunms-^none of it

rests on the arch coverino- the crucible. This arched roof has
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openings for the three electrodes, each composed of two carbons

1 1 in. square by 63 in. long, making each electrode 1 1 in. by 22

in. by 63 in. The electrode holder is a steel frame into which

the electrodes are fastened by copper wedges. The electrodes

pass through water-cooled stuffing boxes. The crucible is lined

with magnesite-brick^—a material never usable in blast-furnaces.

Some of the escaping furnace gas is pumped back by means
of a fan into the free space under the crucible arch, for the

purpose of cooling off that arch and so preserving it from the

intense radiated heat.

The electric current is supplied as three-phase current to

the three electrodes by three transformers of 500 kilo-volt-

amperes each, transforming the current down to 1/14 its primary

voltage, and capable of regulation between 20 and 85 volts.

The especially novel features are the arch over the crucible,

the projecting downwards of the electrodes through this arch

into contact with the charge as it spreads out from the central

shaft into the crucible, the magnesia lining, and the return

of part of the throat gases into the crucible under the arched

roof. It can readily be seen that a large amount of thought

and experience are embodied in the details of this furnace.

A trial run was made under Dr. Haanel's inspection, start-

ing with the cold furnace. Besides the handicap of starting

cold, and with all the masonry fresh, the furnace was insuffi-

ciently supplied with power. Instead of the 1500 kw. which

it was designed for, only about 400 could be gotten. Under
these circumstances, the losses of heat by radiation and con-

duction were probably almost so great intrinsically as they would

have been with full power, which means that they were relatively,

or proportionately to the energy used, probably three or four

times as great. The result of the test is therefore far from
indicating the maximum commercial efficiency of this furnace.

In spite of these adverse conditions, pig-iron was made
from the ore at the rate of 0.40 electric horse power year con-

sumed per metric ton of pig-iron. The fuel consumed for re-

duction was 27.5 kg. of coke per 100 of pig-iron, and of elec-

trodes 5 kg. It is altogether reasonable to assume that the

power consumption, when in regular running, will not exceed

0.3 e. h. p. year, and on this basis, counting power at $12 per

e. h. p. year and charcoal ^83 per cent, carbon) at $8.00 per
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metric ton (2204 lbs.), Professor Odelstjerna, of Stockholm,

has estimated that pig-iron can now be made, in Sweden, in

this furnace, at $1.50 per ton less than in Swedish blast-furnaces.

It is my opinion that this furnace, if run at 3000 kw., could

make pig-iron at 0.2 e. h. p. year per ton of output, making a

further saving of $1.20 per ton. With a prospective saving of

$2.50 per ton, the Swedish blast-furnace industry stands a good

chance of being superseded by the electric furnace, as soon

as the latter gets into proper working order.

Accompanying diagrams are intended to illustrate the fun-

damental principles of electric furnace reduction of iron ore.

Fig. 4.
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They are entirely dependent upon the rate at which the furnace

is run and the proportion of CO to COo in the gases. In the

latter respect, a proportion of i : i by volume is entirely prac-

ticable and should be attained in electric smelting, although 2 : i

is the usual ratio in blast-furnace practice. A kilogramme of

oxygen burning carbon to CO gives up 1820 heat units (calories),

but if burning (only half as much) carbon to COo it gives up

3075 calories. Since there is a definite amount of oxygen to

be removed per ton of pig-iron made, more assistance is obtained

from the combination of carbon and oxygen the more CO2
and the less CO is formed. Fig. 4 shows the heat evolved, in

units of 1000 calories, as the ratio of CO: CO.. varies from all
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CO to ratios of CO to CO2^ 3, 2 and i, and extended to the

supposed case of all COo being formed. It shows graphically

the fact that the smaller the amount of carbon used the more
heat obtained from its oxidation, because it is being burnt by

a fixed quantity of oxygen.

Experiments on the reduction of iron oxides in currents of

CO gas render it improbable that a lower ratio of CO : COo
than I : i can be obtained in practice, even under the most favor-

able electric furnace conditions. This corresponds to 0.26 ton

of carbon per ton of pig-iron made, and a thermal assistance

from the carbon of 1,111,500 calories (1750 horse-power-hours)

per ton of iron.

Fig. 5.
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Fig. 5 shows the variation of horse power required per ton

of pig-iron with the ratios of CO : CO^ in the gases. It shows

distinctly how wasteful of power it is to run a furnace with too

much carbon; with a certain amount of carbon charged it is

practically impossible to utilize it except it burns mostly to CO,
and then the high power consumption is the result of the lack

of proper thermal assistance from the carbon. The power curve

of the Swedish furnace is above those of the S. S. Marie runs,

for the same fuel consumption or ratio of CO : CO2, because

the former furnace was being run at not over one-fourth, pos-

sibly nearer one-sixth, of its proper power supply, while the
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latter furnace was small and was jnisiied hard. The difference

of 0.1 h. p. year per ton of pig--iron made is probably entirely

ascribable to high radiation and conduction losses, due to the

relatively slow ruTinini'-.

TriEKMAT. ANALYSIS OF KIN OK SWKDISFI SHAFT FIJUXACE.

Dr. Haancl gi\-es sufficient data for ffjrming a good idea

of the heat distribution in the large Swedish furnace. The
data are as follows

:

Composition of ore Fc =62.96 per cent.

f = 85. per cent.
Composition of coke ] S = 0.55 per cent.

I Ash =14.45 PC cent.

f SiO::= 26.54 per cent.

Composition of .slag ' CaO= 54-48 per cent.

1 S^ 0.78 per cent.

I Fe= 0.35 per cent.

r Fe ^ 94485 per cent.

C^ .3.20 per cent.

Composition of pig-iron '

^i = 0.075 per cent.

Mn =: 0.33 per cent.

I

P= 1.90 per cent.

I S ^ o.oi per cent.

f CO, := 25.00 per cent, by volume.
Comi)osiiion of gases

I
C0^65.oo per cent, by volume.

i H =^ 10.00 per cent, by volume.

Cliargcs : Ore, 220 ; Coke, 37.4 ; Lime, 4.4.

From the above data it can be calculated, assuming the

gases e.scai)ing at 250 and the pig-iron and slag at a little

above blast-furnace temperature, that the energy received and
distributed by the fm-nace is about as follows, per too kg. of
pig-iron concerned :

HK.\T DKVKI.Ol'Kll.

Carbon o.xidized to CO 3^.318 calories.
CO o.xidized to CO, 44.785 calories.
Formation of slag 2,058 calories.
Carhurization of 'won 2,256 calories.

Total heat of chemical reactions.... 101,417 calories = 31 per cent.
Heat energy of 0.041 e. h. p. year... 223,171 calories ^(x; per cent.

Total available energy 3^4.588 calorics.
-Xverage recpiired in blast-furn;ices. . 400.000 calories.
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HEAT DISTRIBUTION.

Reduction of iron oxide 155,221 calories ^48 per cent.

Reduction of other oxides 10,174 calories^ 3.5 per cent.

Evaporation of water 1,025 calories = 0.3 per cent.

Sensible heat, in waste gases 4,075 calories^ 1.3 per cent.

Sensible heat in pig-iron 32,500 calories^ lo.o per cent.

Sensible heat in slag 8,600 calories= 2.7 per cent.

Rad'n and cond'n loss (diff.).... 112,850 calories= 33.2 per cent.

The last item of the above schedule is very much larger

than it should be. Some modern blast-furnaces run with one-

tenth that much. The trouble with this furnace was that it was

run only about one-tenth as fast as it should be for heat economy.

If we assume that this furnace is run fast and carefully, so as

to get a ratio CO: CO2 in the gases of 1:1, we can estimate

what will be the probable running of a large electric pig-iron

furnace, such as will undoubtedly be in steady operation in the

near future. The recjuirement for power will be that necessary

to furnish the needed heat, less that furnished by the chemical

reactions. These will be, per ton of pig-iron produced

:

Needed for reductions 1,655,000 calories ^ 2600 h. p. hours.

Sensible heat of pig-iron 300,000 calories= 470 h. p. hours.

Sensible heat of slag 60,000 calories= 100 h. p. hours.
Radiation and conduction 100,000 calories = 160 h. p. hours.

2,1 15,000 calories= 3330 h. p. hours.

Furnished by chemical reactions 1,111,500 calories= 1750 h. p. hours.

Needed from electric current.. 1,003,500 calories= 1580 h. p. hours.

The following is therefore the conclusion of this investiga-

tion :

// a larger electric shaft furnace is run rapidly, zcith abundant

pouter, and the gases escaping contain at least as much COo
(by volume) as CO, the niiniinurn power requirement which

will be approximated is 1580 li. p. hours, or 0.18 h. p. years,

per metric ton (2204 lbs.) of pig-iron produced.

One ton per 0.226 h. p. year has already been reached in

an experimental run.



THE TESTING OF EXPLOSIVES FOR SENSITIVENESS
TO SHOCK BY THE DROPHAMMER METHOD.

XiV

DR. H. KAST,
BERLIN.

[Translated from the Zeit. fur das gesainte Schiess- tind Sprengstoffivesen
for July 15, 1909. By W. J. Williams, F.I.C.]

The Royal Military Experimental Bureau of Berlin has been

occupied for the last 20 years in the examination of explosives

for military purposes. The degree of the sensitiveness to shock

of these explosives is of great significance in regard to their

availability. Hence the testing of their sensitiveness has always

been of great importance in the investigations of this bureau.

Professor Lenze, at the last congress in Rome, reported ex-

haustively on the accumulated results of these investigations, so

that it is unnecessary to refer to them further.

It need only be remarked that experience has shown that

the drophammer must not be allowed to act directly on the

explosive, chiefly for the reason that the sensitiveness, as ascer-

tained by means of the drophammer, depends in the greatest

degree on the area of the struck surface, and it is not possible to

keep the struck surface unchanged under the direct action of

the drophammer.

If the drophammer is allowed to act dii"ectly, or indirectly

through an interposed piston, on an uneven layer of the ex-

plosive spread directly on the anvil, the area of the struck sur-

face will change in proportion to the varying thickness of the

layer in different spots. But then it is impossible to obtain strictly

proportional values, because the percussive energv is distributed

over surfaces . of different area.

This drawl)ack can be avoided by interposing a contrivance

between the drophammer and the anvil, which is so arranged

that only a strictly defined surface is exposed to the blow.

This contrivance must comply with the following conditions

:

I. The surface to be struck must be a definite and invariable

area.
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2. The explosive must be so arranged that it cannot spread

out sideways.

The chief aim in the examination of the explosive is to bring

those properties into prominence which are determined by its

physical condition (state of aggregation, softer or harder con-

sistency, plasticity, fusibility, density). Therefore the explosive

should be tested in a layer of defined thickness, but otherwise

unalterable, both in the fluid and solid state, and at a suitable

temperature.

For example g-uhr-dynamite and gelatin-dynamite are more
sensitive than blasting gelatin

;
powdered explosives are more

sensitive than grained explosives; colloided gun-cotton powders

are less sensitive than gun-cotton ; chlorate explosives, enveloped

in soft, plastic substances, are less sensitive than those prepared

without such en\'elopes ; nitro-glycerin is less sensitive than

dynamite.

3. Any frictional action of the blow must be avoided as care-

fully as possible, as explosives behave quite differently under

friction to what they do under percussion.

Thus the chlorate explosives are more sensitive than dynamite

to friction, but less sensitive to percussion.

Further the explosives must not be rubbed between hard

materials. For this reason it is not permissible to add frictional

materials (powdered glass, sand) for the artificial augmentation

of the sensitiveness to shock in the comparison of dissimilar

explosives, since that would affect the natural ratios of explosives

sensitive to friction too seriously.

Special methods are used for testing the sensitiveness to

friction.

4. There must be a constant increase of sensitiveness with

the height of the fall.

5. The limits of sensitiveness must be the same whether the

tests are made starting with a low fall up to a higher, or the

reverse.

In the ordinary way of testing this is by no means always

the case ; it is very frequently observed that quite different limits

are recorded when the fall starts low and is increased, than in

reverse order, starting high and ending low. The reason for

this variation is that in the latter case the drop-weight and the

anvil are heated to a greater degree both by the explosives and



Testing Explosives by Dropiiammer Method. 145

by the conversion of the energy of the blow into heat, hence

the explosive is, to some extent, tested at a iiigher temperature,

in the latter case.

6. The values found at different times must agree with one

another within certain narrow limits; and in particular the

ratio of the sensitiveness towards that of the explosives with

which it is compared must be constant.

7. The force of the blow developed with different weights for

the given hmit values must be about the same; but it must also

be recognized that by the use of different weights the ratio of

sensitiveness is somewhat changed, on account of the different

physical properties of the explosive, the varying velocities of

impact,^ and the different dissipation of the kinetic energy be-

cause of the greater rebound of tlie lighter Aveights.

Explosives which can easily evade the blow {e.g., fluids Hke

nitro-glycerin) show themselves more sensitive to a light, swift-

acting weight than to a heavier weight.

8. Sharp differences should be observed with low falls, since

experience shows that these differences are less marked as the

height of the fall increases.

9. Proportionally insensitive explosives should also be tested

comparatively.

10. It must be detennined, beyond any doubt, whether the

explosion is entire or only partial, or whether the explosive

has merely burned ; from these results conclusions can be drawn
as to the danger of unexpected detonation induced by shock.

Care must be taken that the layer of the explosive exposed

to the blow is not too thin, as this renders explosion more
difficult.

In the ordinary way of testing, the air-waves from the drop-

weight, and those produced by partial explosion, blow away
the explosive, especially when pulverulent, so that the sample
appears to have been completely exploded.

These conditions are best fulfilled by the apparatus ^ now to

' The end velocity of the drop-weight amounts to 0.99 metres with a
5 cm. fall, to 3.43 metres with a 60 cm. fall; the duration of influence with
a I mm. stamp is o.ooi seconds for 5 cm. fall, and 0.0003 seconds for
60 cm. fall.

'For diagrams of the apparatus see Zeit. Schiess- und SprengstoflTwesen
I, 289 (Fig. 5) 1906. Reports Rome 2. p. 529, Fig. 6, 1907. Kast. Anleitung
zur chemischen und phys. Untersuchung der Spreng- und ZiindstofFen, p. 1015,
Fig. 238.

Vol. CLXIX, No. ioio—5



146 Dr. H. Kast.

be described. It has been used for the last 4 years in the

Military Experimental Bureau expressly for testing sensitive-

ness, and has shown itself to be reliable. The most convenient

form, and the dimensions of the different parts, have been

developed from a series of experiments. The apparatus has

the following merits

:

1. The striking surfaces are exactly one half a square cen-

timetre (0.0775 sq. inch).

2. The separate parts can be accurately adjusted.

3. It is light and easy to clean/^ and to remove the residues

of the explosive.

4. The separate parts can be easily replaced if they are

damaged or too much worn.

5. The drop must not exceed 60 cm. (2 ft.) (see table

below) for the most insensitive explosives.

6. The required quantity of explosive can be easily measured

in the apparatus itself or can at least be easily judged.

7. Any special reaction of the explosive is easily recognized.

The following precautions must be observed in using the

apparatus

:

1. It must be so arranged that both the stamps fit the ring

without any play, and the ring must move easily up or down
the stamps.

2. The stamps must be well hardened, so that they do not

upset (burr) with use, and do not crack.

3. Both striking surfaces must be ground smooth, and must

l^e exactly 8 mm. (0.315 in.) in diameter.

4. Three different apparatuses must be used in succession in

each experiment, so that any erratic action of one or the other

may be detected. The apparatuses must be fixed in a cylindrical

bed on the anvil to avoid damage from the drop weight.

After measuring out the prescribed quantity, the explosive

is pressed together by twisting both stamps so that there is an

even layer over the whole surface.

5. The experiment must be effected at a definite temperature

—from 18° to 20° C. is best.

' With certain explosives, such as the easily fusible nitro-compounds,
it frequently happens that the fused matter is pressed in between the stamp
and the ring, and this binds the stamp. In that case a vice or a pipe-

wrench is necessary to withdraw the stamp. This causes no difficulty in

the use of the apparatus.
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6. An apparatus which has become hot from use is cooled

down to the experimental temperature.

7. At least two different drop weights must be used. The
choice of weig-hts is regulated by the sensitiveness of the ex-

plosive.

The maximum drop is

:

For 2 kg. ( 4.4 lbs.) 60 cm. (2 feet)

For 5 kg. (ii.o lbs.) 30 cm. (i foot)
For 10 kg. (22.0 lbs.) 24 cm. (9 3/5 in.;

For 20 kg. (44.0 lbs.) 20 cm. (8 inches)

These are sufficient for all cases. Besides the use of higher

drops soon spoils the apparatus',

8. The experiment is conducted by making six trials at

each height, and repeating these twice on each apparatus.

9. The effect on the explosive is accurately defined. The
different points are

:

A. No action,

B. Slight action, i.e., the appearance of smoke, a smell of

burning, explosion without audible report,

C. Explosion, subdivided into: (a) slight explosion, i.e.,

slight report; (b) strong explosion, i.e., loud report; (c) com-
plete explosion,

ID, The height is to be decreased until no action follows in

any single instance, and is then raised until either the limit of

height for the given weight is reached, or a complete explosion

is obtained in all six trials.

11. The limit of sensitiveness is held to be that height from
which, in as nearly as possible in an unbroken series, at least

one single distinct explosion occurs.

If two different explosives have their limit of sensitiveness

at the same height, that height at which explosion occurs regu-

larly is to be taken as the distinctive standard height.

12. The experiments must be carried out twice, on two
different days.

13. Special peculiarities must decide the quantity of explosive

used. In the tests of the Military Experimental Bureau an

average quantity of 0.04 gramme (0.62 grains) is used, which
is measured out in a small cup (primer cap).
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REPORT OF THE BOARD OF MANAGERS FOR THE YEAR
ENDING SEPTEMBER 30TH, 1909, WITH APPENDICES EM-
BRACING THE ANNUAL REPORTS OF THE VARIOUS
COMMITTEES AND SECTIONS.

To the Members of the Franklin Institute:

The Board of Managers herewith transmits the reports of its Commit-
tees on Instruction, Elections and Resignations, Stocks and Finance, Publi-

cations, and Sectional Arrangements, and of the Curators, for the Insti-

tute year ending September 30, 1909.

What is probably the most important work of the Institute's year,

outside of the regular routine of the various committees, finds expression

in the changes in the By-laws, which have been voted upon to-day. These
changes in part create a new class of membership, which we believe will

result in an extension of the usefulness of the Institute, and an increase

in the number of its members. They provide for an increase in the number
of the Institute Managers by one—from 24 to 25—the additional member
to be elected by the Alumni Association. They provide for the election

of the Secretary, and the appointment of members of the Science and
Arts Committee by the Board,—thus centralizing the responsibility for

the conduct of the routine work of the Institute. They make various

changes in the methods of procedure by the Science and Arts Committee,

which it is believed will increase the efficiency of the Committee, making
the work more attractive to men of ability,—reducing the clerical work
to be done by them, so that hereafter men serving on this Committee will

find the work of higher class, more commensurate with their abilities than

heretofore, and therefore more attractive. The Chairman of the Science

and Arts Committee will be ex-officio a member of the Board.

These are the principal changes proposed and we believe them to be

very important and valuable.

I am pleased to report that the Alumni Association of the Institute,

which was mentioned in our last Annual Report, has organized and is

in a healthful condition. The Association has 89 members. We believe

that the interest of the Alumni in the Institute will be fostered and the

Institute's work materially aided by this organization.

During the year the Board has lost by death Dr. Persifor Frazer,

whose service on the Board dates, with an intermission, from January, 1880.

Dr. Frazer's "interest in the Institute may be said to have come as a

heritage." A memorial to Dr. Frazer appears in the Journal for July,

1909.

The status of the proposed new building for the Institute is practi-
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cally as it was at the time of the last Annual Report. The Institute has

available a fund of $331,000, and its equity in this building—about $65,000.

This is enough for the erection of a suitable and sufficient building, but not

for the purchase of a site on the Boulevard and the erection of a building

monumental in character. We have hope that the City will give us an ap-

propriate site on the Boulevard, in which event work on the building will

be begun almost immediately. In the meantime, the fund, which is in the

hands of the City Trusts, is invested and increasing.

It would be very satisfactory to provide a better home for the Insti-

tute, but if the time comes to leave this building the parting will be with

regret. This old building has been the scene of much work of the highest

class. From it have gone out to the work of the mechanical world, hundreds

of boys much benefited by the instruction here given them, and through

that benefit largely benefiting industrial Philadelphia. This old building

has been the centre of work that has been extensive and useful far out

of proportion to the moneys expended, and due to the intelligent self-

sacrifice of our predecessors. It is an honored building, and its work is

known in every centre of scientific thought the world around. Wliile we
remain here may our work be worthy of the old home, and of our honored

predecessors—if we leave may it be to make the new home a worthy suc-

cessor to the old. We cannot presume to wish more.

For the Board of Managers,

Walton Clark,

President.

Philadelphia, January 19, 1910.

REPORT OF THE COMMITTEE ON INSTRUCTION.

To the Board of Managers '

Your Committee on Instruction begs to report as follows

:

Early in the spring of 1909, it was considered advisable to reorganize

the curriculum of the Schools connected with the Institute.

After numerous meetings, Mr. William H. Thorne—who has for many
years been associated with the Schools, and upon whose energy and ability

their success has largely depended—was appointed Director of the Schools,

having for his able Assistants

:

Messrs. Lucien E. Picolet, Principal of the School of Machine Design;

M. H. Keil, Principal of the School of Naval Architecture ; John Loman,
Instructor in Algebra ; H. E. Hutchins, Instructor in Geometery and Trig-

onometry; Qement Remington, Principal of the School of Architectural and

Frec-Hand Drawing; I. P. Pedrick, Assistant Instructor in Elementary

Drawing; and W. W. Twining, Assistant.

Through the generosity of one of the Trustees, your Committee was
enabled to introduce individual instruction in mathematics for such of

the students as required it. The plan has proved most successful, and the

Committee feel confident it has filled a long needed want.

A table is herewith submitted showing the attendance during the Winter
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Term of 1908, the attendance for the Spring term of 1909 and the attendance

for the Winter Term of 1909.

1908 1909

Winter Spring Winter

Term Term Term
Drawing 94 79 98

Mathematics 39 ^5 4i

Strength of Materials 9 7 17

Machine Design 5 5 5

Naval Architecture 8 3 12

155 109 173

The Popular Lectures last year were delivered at the Hall of the Young
Men's Christian Association, and were as follows

:

Nov. 16, 1908
—

" In the Heart of the Cumberlands," Dr. Geo. A. Hubbell.

Nov. 30, 1908
—

" Our Natural Resources," Their Utilization and Conserva-

tion, Mr. John Birkinbine.

Dec. 14, 1908

—

"Our Italy, (Southern California)," Prof. Oscar C. S.

Carter.

Dec. 28, 1908

—

"The Measurement of Sound," Prof. A. G. Webster.

Jan. 18, 1909

—

"Snap-Shots of the Cathedrals of England," Messrs.

W. N. Jennings and Chas. K. Stokes.

Feb. I, 1909

—

"The Work of the Forest Service," Mr. Bristow Adams,

U. S. Dept. of Agriculture, Washington.

Feb. 15, 1909
—

" Identification Studied with Alphonse Bertillon," Per-

sifor Frazer, Dr. es Sci. Nat. Philadelphia.

March i, 1909
—

" The Natural Gas Industry," Mr. J. C. McDowell, Prest.

Natural Gas Association of America.

It was decided by the Committee to engage Witherspoon Hall, at Walnut

and Juniper Streets, for a "Course of Popular Lectures", and the following

dates and lectures were arranged for:

Oct. 15, 1909
—

" Navigating the Air," Mr. Augustus Post, Sec'y Aero Club

of America.

Nov. 12, 1909
—

" Quality of Light," Mr. Paul F. Bauder, National Electric

Lamp Association.

Dec. 10, 1909
—

" Perils of Peace or a Safer America," Dr. W. H. Tolman,

Director of the Museum of Safety and Sanitation, N. Y.

Jan. 28, 1910

—

"Road Administration and Maintenance," Mr. Logan W.
Page, Director Office of Public Roads, Washington, D. C.

Feb. II, 1910

—

"Recent Methods for the Production of Light," Dr.

Robert H. Bradbury, Southern Manual Training High School, Phila-

delphia.

March 14, 1910
—"A Summer Vacation in Foreign Lands," Messris. W. N.

Jennings and Charles K. Stokes, Philadelphia.

Respectfully submitted,
Lawrence T. Paul,

Chairman.

Philadelphia, Pa., January 12, 1910.
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REPORT OF THE COMMITTEE ON ELECTIONS AND RESIG-
NATIONS OF MEMBERS.

To the Board of Managers:

The Committee on Elections and Resignations begs leave to state that

during the last fiscal year 45 Resident Members and 18 Non-resident

Members were added to the Membership, a total of 63.

During that period resignations were presented and accepted from

29 Resident and 32 Non-resident Members. There was also one Life

Member elected. '

This would show a net gain of Resident Members of 16, and a net

loss of Non-resident Members of 14.

Respectfully submitted,
Alex. Krumbhaar^

Chairman.
Philadelphia, Pa., January 12, 1910.

REPORT OF THE COMMITTEE ON STOCKS AND FINANCE.

To the Board of Managers:

FINANCIAL STATEMENT.

October i, 1908, to September 30, 1909.

PROPERTY AND FUNDS.
Building and Land, 13-17 S. 7th St $44,000.00

Library 100,000.00

Apparatus, Collections and Models 5,022.49

$149,022.49

Funds held by Board of Trustees

—

Une.xpended

Principal. Income.

General Endowment Fund $52,550.50

Building Fund 531.00

Chemical Periodicals Binding Fund... 100.00

Elizabeth M. Graff Fund 4,092.12 $133.48

Journal Endowment Fund 138.00

M. Carey Lea Fund 2,000.00 35.01 (credit)

Edward Longstreth Medal Fund 1,000.00 337-i6

James T. Morris Memorial Fund 5,000.00 481.61

Potts Library Fund 952.50 18.31

Potts Medal Fund 1,000.00 48.84

Funds held by the Board of Managers

—

B. H. Bartol Trust Fund 1,000.00 7500
Boyden Premium 1,000.00 277.16

H. W. Jayne Library Fund 500.00*

B. H. Moore Memorial Fund 15,000.00 9.80

New Building Fund 4,863.50°

New Building Endowment Fund 115.00

Endowment Fund, Memorial Library.. 1,000.00* i6.i6t
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Fund held by the Board of City Trusts

—

Franklin Institute Building Fund $331,350.77

Fund held by EUiott-Cresson Trustees

—

EUiott-Cresson Medal Fund 1,000.00 3,303.48

Total Funds $423,193-39 $4,665.99 427,859-38

Grand Total $576,881.87

* Entire principal merged with general funds of the Institute.

" Entire principal merged with general funds of the Institute,

t Entire principal and income merged with general funds of the Institute.

LIABILITIES.
Certificates of Stock

—

First Class $35,130.00

Second Class 390.00

$35,520.00

Mortgage on Institute Building (held by

Trustees as investment for Funds) .

.

4,325.00

$39,845-00

Bills Payable—
Girard National Bank $4,000.00

Franklin Fund and Building Committee 10,000.00

Loans contracted in 1902 to meet deficit, notes for

which are still held by original payees 2,150.00

Loans contracted in 1902 and 1903 to meet deficit,

the notes for which are now held by Building

Committee 3,150.00

19,300.00

Life Memberships (owed to Board of Trustees) 3,835.00

Accounts Payable 1,430.01

Unearned Income

—

Advance Dues $3125
Advance Tuition 592.18

Advance Advertising 94-95

719-38

Grand Total $65,129.39

INCOME AND EXPENSES.
Applicable to Year Ending September 30.

INCOME.

Dues $8,969.97

Initiation Fees 55-00

General Endowment Fund 2,251.28

Estate of John Turner 1 12.49

Estate of Robert Wright 2,176.63
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Donations 1,548.50

Income from Investments 58.00

Principal of Investments sold in excess of par 626.20

Miscellaneous 483
Membership Badges 1 9.02

Instruction : Tuition Fees 1,392.50

Publications : Subscriptions and Sales 2,146.07

Advertising i345.05

Total $21,205.56

EXPENSES.

Building : Wages $843.20

Repairs and Maintenance 94.73

Heat, Light and Power 633.04

Taxes, Water Rent and Insurance 401.38

Miscellaneous Supplies and Expense 241.98

$2,214.33

Elections and Resignations 305.55

Instruction 1,901.39

Library : Salaries $1,237.70

Books and Periodicals 1,457.04

Miscellaneous Expense 334-54

Meetings : Printing $76.03

Miscellaneous Expense 186.62

Office and General : Salaries $4,095.92

Office Expense 266.95

General Expense 883.14

3,029.28

262.65

5,246.01

Publications : Printing $3,517.92

Engraving 407.26

Miscellaneous Expense 480.72

4,405.90

Science and Arts 248.36

Sections 397-41

Interest and Discount 583.62

Old Debts 2,409.60

Interest paid John T. Kille on donation to General

Endowment Futid 200.00

Total $21,204.10

Net Income 146

During the year the General Endowment Fund has been increased by

$1200, $1000 being a donation and $200 a life membership. A Chemical

Periodicals Binding Fund consisting of two shares of stock of the Frankford

and Southwark Passenger Railway, has been received. The Franklin In-
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stitute Building Fund comprises the money and securities turned over bj^

the Institute to the Board of City Trusts added to the original Franklin

Fund. Interest accretions add about $10,000 yearly to this fund>

The belief expressed last year that in the future receipts would exceed

expenses did not prove true. The result of the past year's operations has

been an increase in indebtedness of about $1000, and present appearance^

point to the same deficit this year, unless unexpected income is received.

Respectfully submitted,

Walton Forstall,

Chairman.

Philadelphia, Pa., January 12, 1910.

REPORT OF THE COMMITTEE ON PUBLICATIONS.

To the Board of Managers •'

On the occasion of the completion of the eighty-fourth year and i68th

volume of the Journal of the Franklin Institute, the Committee, on
Publications is enabled to report that this chronicle of the Institute's activi-

ties has during the past year gained further ground as an exponent of the

applied sciences and as a vehicle of original contributions to their ad-

vancement. The high position of the Journal in this respect has been quite

fully maintained ; the recognition accorded to it, both at home and abroad,

has compassed a yet larger circle than ever before, and only the importance

of sustaining its reputation as a journal of original scientific research and

accomplishment has necessitated the curtailment or exclusion of much
material from the present limit of its pages.

The wide dissemination of the Journal to all the major and many
of the minor centres of scientific activity througliout the world has been

studiously continued and considerably increased during the past year. Its

current issues are now regularly to be found in the reading rooms of

practically every scientific body of importance at home and abroad. With
this object in view the Committee has welcomed the requisitions of the

Library Committee for increased numbers of the Journal to go out in

return for the publications of scientific bodies and in exchange for technical

and scientific periodicals, recognizing the spread of the Journal in this

direction as a most important factor in the furtherance of its usefulness.

A gratifying feature of the past year's developments in the affairs of

the Journal is the considerable increase in its income from subscriptions

and from sales of single copies, through demand coming from near and
far. To this is to be added the equally gratifying increase of our adver-

tising patronage, both facts pointing to an increasing appreciation of the

Journal as a medium of publicity. The result has been that notwithstand-

ing the increasing size of the editions of the Journal required for its

members, subscribers and exchanges, the net cost of maintaining the pub-

lication has been gradually decreasing, thus affording a prospect of its

ultimately ceasing to be a charge upon the resources of the Institute.
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In this connection the Committee takes occasion to express its appre-

ciation of the efficient services rendered by the Actuary of the Institute

in the mechanical preparation and business conduct of the Journal. It has

been in a large measure due to his co-operation in thi> respect that the

Committee has been enabled to prepare and issue a thoroughly revised

edition of its Membership Directory which, including a compilation of the

Charter and By-laws of the Institute, in a form more presentable than the

earlier edition, was published in September of the past year.

Respectfully submitted,
Louis E. Levy,

Chairman.
Philadelphia, Pa., January 12, 1910.

REPORT OF THE COMMITTEE ON SECTIONAL ARRANGE-
MENTS.

To the Board of Managers •'

Thirty-four meetings were held by the Sections during the year ending

September 30, 1909, and considerable valuable material was obtained for

publication of the Institute Journal.

The work of the Sections was divided as follows

:

Section of Physics and Chemistry 8 meetings

Electrical Section 8 "

Mining and Metallurgical Section 5 "

Mechanical and Engineering Section 7 "

Photographic Section 6 "

In addition to these meetings an exhibition of photographs made by

members was held under the auspicies of the Photographic Section. The
pictures were displayed in the reading room and remained on exhibition five

days.

Your committee expresses its thanks to all who have assisted in making
these meetings attractive and instructive.

Respectfully submitted,
James Christie,

Chairman.
Philadelphia, Pa., January 12, 1910.

REPORT OF THE CURATORS.

To the Board of Managers '

During the year the lower hall was entirely repainted. The stairs were

also renovated to the second floor. The work was done by the engineer

and the only cost was for materials—white lead, oils, etc.

A radiator was put into the smoking room in order that it might be

more comfortable in extremely cold weather.
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Four of the panels were removed from the lecture room doors and

glass was substituted. This makes it possible to observe from the outside

whether there is a meeting and adds to the appearance of the Hall, besides

admitting light to the inside. Some slight repairs to the building were
made during the year. The room on the South side of the Lecture Room
will be fitted up for conversation and committee purposes. The glassware

and models will be removed, the walls and floor painted, the stove replaced

by radiators and a rug put on the floor. It is hoped that this improvement
will be appreciated by all who visit the Institute.

More painting will be done during the coming Summer and it is

hoped that it may be possible to have the Lecture Room renovated before

next season.

Respectfully submitted,

Chas. E. Ronaldsok,

James Christie,

Curators.

Philadelphia, Pa., January 12, 1910.

REPORT OF THE LIBRARY COMMITTEE.

To the President and Members of the Franklin Institute:

The Committee on the Library respectfully submits the following report

:

The following is a statement of the operations in the Library during

the year ended September 30, 1909:

The following additions were made to the Library

:

BD. UNBD.

VOLS. VOLS. PPHS. MAPS. PHOTO. ENGR.

By Gift 481 390 891 3 7 I

"
Journal 31 36 80 I

" Binding 125
" Exchange Account .... 7
"

General Appropriations 10 5
" Mem. Lib. Fund 2
" Moore Fund 108 25
" Lea Fund i

" Morris Fund 35
"

Potts Fund 5 I

803 459 971 4 7 I

Total additions for the year, 2245.

Gifts of books and pamphlets in large quantities or of unusual impor-

tance were received from Messrs. W. D. Anderson, John E. Carter, Walton
Clark, Morris Ebert, Richard Gilpin, Carl Hering, Robert Kitchell, Waldemar
Lee, Morris L. Drum, C. J. Reed, Lewis S. Ware, Prof. L. M. Haupt, Drs.

Wm. H. Greene and Samuel C. Hooker, Mrs. Samuel C. Hooker, the
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United States Government, The Pennsylvania State Library, The American
Philosophical Society, The University of California and the firm of Wilson
Harris & Richards.

An unknown donor has given to the Franklin Institute two (2) shares

of the capital stock of the Frankford & Southwark, Philadelphia City Pas-

senger Railway, par value $50, selling September, 1909, at $396 each. The
income amounting to $36 per annum is to be used for the binding of

Journals printed in English, German and French, devoted especially to

Chemistry.

The contents of the Library on October i, 1909, were as follows

:

Volumes, bound and unbound 64,089

Pamphlets 46,926

Maps and Charts 2,915

Drawings, design lithographs 783

Photographs 1,312

Newspaper clippings 192

Manuscripts 34
Books on deposit, 47.

DUPLICATES.

492 bound volumes, 147 unbound volumes, 3 pamphlets, and 165 maga-
zines are in the duplicate collections of the Library. Two bound volumes
were sold during the year.

BINDING.

The total binding done during the year was as follows:

New volumes of periodicals 125

Old paper books bound 5

Moore Fund books bound 21

Lea Fund i

Potts Fund I

PAMPHLETS.

Through the generosity of Mr. John T. Morris it has become possible

to make a beginning in the cataloguing of the pamphlets. They are now
being examined and all those relating to mechanics are being recorded and
made ready for the shelves. The work is being done by a special assistant

who has had some training in library work but no experience in cata-

loguing. All the pamphlets have not yet been gone over, and it is impossible

to estimate how much time will be needed to finish the work.

PUBLIC DOCUMENTS.

By resolution of the Committee it has been decided to transfer all

public documents not within the scope of the Institute's work to the Free

Library of Philadelphia. The work of transfer was begun in the Fall but

has been delayed by the Librarian's illness. Books which are likely to

be of value to those who use the Institute's Library are being retained

and communications will be addressed to the various technical departments

of the Government, requesting that the Institute be placed on their mailing



158 Annual Report of Board of Managers.

lists for future publications. By the disposal of the documents which

are not in demand, the Library will gain considerable shelf room, which

is sorely needed for the proper care of the other works of the Library.

EVENING ATTENDANCE.

The Library was open on forty-four (44) evenings during the year until

10 o'clock, with a total attendance of 205 readers or an average of 4.6.

EXCHANGES.

Sixteen new publications were added to the list of exchanges and six

were removed, making the total 580. One institution is still retained on the

free list.

In the belief that our large collection of books is of more than local

value, the Library Committee in December decided to publish the following

advertisement:

"The Library of the Institute is prepared to undertake a limited amount
of work in connection with the verification of references and copying from

English, German and French books and periodicals. A moderate charge will

be made to cover expense."

It is too early to expect results from this endeavor to extend the use-

fulness of our Library.

Finding lists would be convenient for those who use the Library and

perhaps increase the number of readers, but no funds are available for the

preparation of such lists.

The Committee on Library willingly conforms its expenditures to the

amounts appropriated, but none the less looks forward to the time when
by reason of a larger force of librarians, pleasanter rooms and the develop-

ment of new lines of activity, the Library of the Franklin Institute will play

a greater part in the intellectual life of the community about it.

Respectfully submitted,
George F. Stradling,

Chairman.
Philadelphia, Pa., January 10, 1910.

REPORT OF THE COMMITTEE ON MEETINGS.

To the President and Members of the Franklin Institute:

The Committee on Meetings arranged the following programme of

subjects for the ten stated meetings of the Institute held during the year:

September Meeting, 1908: Mr. Henry A. Wise Wood, of New York,

described his latest invention, the Autoplate Machine.

October Meeting: Mr. Henry W. Bartol spoke on the Vixen Milling

File. Two brief communications were also presented.

November Meeting : The Telelectric Piano Player was shown and de-

scribed.

December Meeting : Exhibition of the Telegraphone, and description

of it.
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January Meeting, 1909: The Automatic Electric Company installed in

the lecture room one of their automatic telephone exchanges, and an address

was delivered describing its operation.

February Meeting: Dr. W. S. Franklin, of Lehigh University, gave

an experimental demonstration of the Gyroscope, and its application, with

special reference to its use in the Brennan Monorail Car.

March Meeting: Mr. J. Kent Smith spoke on Vanadium and its appli-

cation to the heavy arts ; and Mr. Albert F. Shore described his Sclero-

scope.

April Meeting : The Underwood Typewriter was described.

May Meeting: Mr. William Tatham read an interesting paper on the

Panama Canal.

June Meeting : Mr. W. H. Fulweiler read a paper on Surfacing of

Roads.

The attendance at these meetings was somewhat better than in the

previous year, but the value and interest of the subjects presented, and

papers read, should attract a still larger attendance from members and their

friends.

It is urged that members call attention to the meetings as widely as

possible, and avail themselves of the privilege of sending tickets to friends.

Also that they send to the Secretary lists of names of persons, associations

and business houses likely to be interested, to assist the Secretary in making

up mailing lists for notices and distribution of tickets.

Respectfully submitted,

James S. Rn(;KK?.

Chairman.

Philadelphia, Pa., January 6, 1910.

REPORT OF THE COMMITTEE ON SCIENCE AND THE ARTS.

To the President and Members of the Franklin Institute '

It is with pleasure that the committee on Science and the Arts submits

the following account of its operation for the year ending September 30,

1909:

The total number of cases on the record books September 30, 1909,

was 60, of which 2S were carried over from the previous years. Twenty-

seven new cases were added during the year. The number of cases disposed

of during 1909 Avas 15. The number of cases pending September 30, 1909,

was 70. The list of awards is appended hereto.

The Sub-Committee on Reorganization reported early in the year with

their recommendations for increasing the efficiency of the Committee's

work. The consideration of this report occupied considerable time outside

of the usual routine work of the Committee, requiring a number of special

meetings in order to complete the work and pass it on to the Board of

Managers for their information and approval. We submit herewith a

copy of this report and ask the approval of the same.
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It is with great pleasure that the Chairman takes this opportunity to

express his thorough appreciation of the faithful and loyal work done by

his fellow members of the Committee.

Respectfully submitted,

Jacob Y. McConnell,
Chairman.

Philadelphia, Pa., January 5, 1910.

APPENDIX.

DETAILS OF AWARDS, ETC.

AWARDS OF THE EIXIOTT CRESSON MEDAL.

2412. James Gayley for his "Dry Air Blast."

2413. Mad. Sklodowska Curie and in Memory of Pierre Curie for their

"Researches Resulting in the Discovery of Radium."

2445. Alexis Vernaz for his "Milling Files."

2446. Benjamin Talbot for his "Open Hearth Steel Process."

AWARD OF THE JOHN SCOTT LEGACY PREMIUM AND MEDAL.

2436. Frank J. Wetzel for his "Automatic Mechanical Stoker."

AWARD OF THE EDWARD LONGSTRETH MEDAL OF MERIT.

2430. B. Frank Teal for his "Anti-friction Universal Joint.

REPORTS MADE ADVISORY.

2400, 2423, 2431, 2441, 2449, 2453, 2460.

PROTESTS.

2400. Previous findings reversed, advisory.

2429. No award.

2430. Previous findings sustained.

REPORT WITHOUT RECOMMENDATION.

2428.



SECTIONS

(Abstract of Proceedings of Stated Meetings.)

Mechanical and Engineering Section.—Stated meeting held Thursday,
January 6, 1910. Charles Day in the Chair. Present, 29 members and
visitors.

In the absence of the Secretary the reading of the minutes of the
previous meeting was omitted, Chairman Day then introduced the speaker
of the evening, Mr. C. A. Seley, who presented a paper entitled " Steel in

Freight Car Construction." The lecturer reviewed the development of
the use of structural steel for the underframing of freight cars and
described how this led to the application for the superstructure of a struc-
tural steel truss system of framing, thereby securing greater strength and
rigidity than had previously been obtained by the use of steel on the under-
frame alone. These features were adequately illustrated by lantern views
showing the framing systems of gondola, hopper and box-cars and the
completed cars as they appear in service.

At the close of the lecture the subject was discussed by Messrs. Strat-
ton, Basford, Pomeroy, Day, Colvin and the speaker.

On motion of Mr. Colvin the subject was referred to the Committee
on Science and the Arts and to the Committee on Publication and a vote
of thanks of the Section was accorded the speaker. Adjourned.

LUCIEN E. PiCOLET,
Acting Secretary.

Electrical Section.—Stated meeting was held January 13, 1910, with
Mr. Thomas Spencer in the Chair. There were 47 members and visitors

present.

The minutes of the last meeting w-ere read and approved.
After regular business was transacted, the paper of the evening on

" Electrical Methods and Results of Electric Testing," by Dr. Clayton H.
Sharp, of the Electrical Testing Laboratories, New York, was read.

A vote of thanks was tendered the speaker for his paper.

There being no further business, the meeting adjourned.
Richard L. Binder,

Secretary.

Section of Physics and Chemistry.—Stated meeting held Thursday, Jan-
uary 20, 1910, at eight o'clock in the evening, with Dr. E. Goldsmith in

the Chair. Eighty-seven members and visitors were present. The minutes
of the previous meeting were read and approved. Colonel B. W. Dunn.
Chief Inspector of the Bureau for the Safe Transportation of E.xplosives

and Other Dangerous Articles, of the American Railway Association, pre-

sented a communication entitled " Promotion of Safety in the Transporta-
tion of Explosives and Other Dangerous Articles in the United States."

Fatal accidents on railways due to the careless handling of dangerous
freight were described and the necessity for uniform regulations for the

transportation of such freight was emphasized. The origin, organization

and work of the Bureau, as well as the co-operation between the railways

and the shippers of explosives and similar articles, were reviewed. The
lecture was copiously illustrated with lantern slides showing the proper and
the improper manner of transporting dangerous materials, and the de-

structive effects of high explosives. The paper was referred for publica-

tion. On motion, duly seconded, the meeting adjourned.
Joseph S. Hepburn,

Secretary.
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FRANKLIN INSTITUTE

{Proceedings of the Stated Meeting, held Wednesday, January 19, 1910.)

Hall of the Franiclin Institute,
Philadelphia, January 19, 1910.

President Walton Clark in the Chair.

The annual meeting of the Institute was held this evening at eight

o'clock. President Walton Clark in the Chair. There were present about

forty members and visitors. The minutes of the last meeting were read

and approved. The Actuary submitted the report of the Board of Man-
agers, also the Committee on Instruction, Elections and Resignations of

Members, Stocks and Finance, Publications, Sectional Arrangements, Library,

Meetings, Science and the Arts, and the Curators, for the year ending
September 30, 1909. These reports were printed and distributed among the

members present and were duly approved by the meeting.

The Tellers submitted a report of the ballots cast for officers and
members of the Board of Managers and of the Committee on Science

and the Arts and for the amendments to the By-Laws. The following

persons were duly declared elected to the respective offices

:

President (to serve one year), Walton Clark.

Vice-President (to serve three years), Henry Howson.
Treasurer (to serve one year), Cyrus Borgner.
Auditor (to serve three years), Samuel P. Sadtler.

Auditor (to serve two years), John C. Trautwine, Jr.

Managers (to serve three years), Edwin S. Balch, W. C. L. Eglin,

Alfred. C. Harrison, Charles A. Hexamer, Alexander Krumbhaar, Charles
E. Ronaldson, E. H. Sanborn, Walter Wood.

Committee on Science and the Arts (to serve three years) James
Christie, G. H. Clamer, Walton Clark, Jr., Richard Gilpin, William O.
Griggs, Charles A. Hexamer, Henrik V. Loss, Luther D. Lovekin, Thomas
C. McBride, W. B. Riegner, J. Y. McConnell, E. S. Powers, J. W. Ridpath,

L. F. Rondinella, Arthur J. Rowland, Thomas Spencer, William H. Thorne.
The amendments to the By-Laws as proposed at the December meeting

were also adopted.
Messrs. Rogers, Sanborn and Rondinella offered further amendments

to the revision which have for their purpose the rectifying of certain clerical

errors and omissions. These were ordered to be sent to ballot for the

next stated meeting of the Institute.

The paper of the evening was then presented by Dr. N. Monroe Hopkins
of Washington, D. C., on the Dynatak, a gasoline engine, speedometer and
dynamometer, the address being fully illustrated by lantern slides. On
motion, the subject was referred to the Committee on Science and the
Arts for investigation and report and a vote of thanks was offered to Dr.
Hopkins for his interesting presentation of the subject. Adjourned.

James Christie,
Secretary.
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COMMITTEE ON SCIENCE AND THE ARTS.

(Proceedings of the Stated Meeting held Wednesday, January 5, 1910.)

Hall of the Franklin Institute,
Philadelphia, January 5, 1910.

Mr. J. Y. McCoNNELL in the Chair.

The Chairman presented a draft of the annual report of the Committee
which was approved and ordered to be transmitted to the Institute.

The following report was presented for first reading

:

No. 2473. The Underwood Typewriter.
In the absence of a quorum the report for second reading was not

presented for consideration.

James Christie,
Secretary.

FIRST RADIUM INSTITUTE.

The Austro-Hungarian Government is taking considerable interest in
matters relating to radium, as will be seen from the following report made
to the Department of Commerce and Labor

:

A private donation of 500,000 crowns (about $100,000) some time ago
made possible the erection of a new institute devoted to radium research in

Vienna, which is now rapidlv approaching completion. The building has
four stories and will contain laboratories only, seven on each floor. This
will be the first radium institute in the world and will have an international
character, being at the services of scientists for purposes of radium re-

search. Though the institute is donated by private munificence, the Govern-
ment has undertaken the cost of maintenance.

The Ministry of Labor has hitherto been unable to accede to the many
requests which have come from numerous sources, both inland and foreign,
for radium. There was a certain quantity of it from Joachimsthal on
hand, but it could not be sold until the exact percentage content of pure
radium in the ore was established. The work of examination is now being
carried on and the sale of radium will soon be begun. The radium will

be sold in vials, each to contain 60 milligrammes of 5 per cent, radium
or 30 milligrammes of 10 per cent, radium, the price of such a vial to be
1080 crowns (about $216), as the present market value of pure radium is

estimated at 300,000 crowns ($60,000) per gramme. For the present only
inland institutes will be sold to, and numerous applications from such are
already on file. Many medical clinics have likewise made requests for radium
in order to test its therapeutic value.
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BOOK NOTICES

Annuaire pour l'an 1910. Public' par le Bureau des Longitudes. Over
900 pages, 6 X 3^ inches with figures. Paper, price i franc 0.50 net,

postage paid i franc 0.85. Gauthier-Villars, Paris.

This important annual publication contains this year, in addition to
the usual astronomical data, tables on physics and chemistry comprising
magnetic tables, corrections and comparisons of barometers and thermometers,
expansion of liquids, vapor tension, elasticity and friction of solids, vis-

cosity of gases, length of light waves, solubilities, etc. Of particular
interest are the articles on the meeting of the " International Committee
on the Protographic Celestial Chart " by M. Bailland, and " Land Tides and
Elasticity of the Terrestrial Sphere " by Mr. Ch. Lallemand. L. E. P.

Concrete. By John C. Trautwine, Jr., and John C. Trautwine, 3d, Civil

Engineers. First edition (first thousand), vii, 189 pages, 7^x4^
inches, cloth. Reprinted from Trautwine's Civil Engineers Pocket-Book,
19th Edition, looth-thousand. Price $2.00 net. John Wiley and Sons,
New York, 1909.

In recent years the use of concrete has increased enormously and its

many applications with steel reinforcement to structures of every kind
have required of designers the application of a branch of the statics of
materials which has only relatively recently been available in a form to
inspire confidence in the hands of the designer whose duties are not those
of testing deductions but of using them. The accumulated fund of theoretical

and experimental data is now very considerable and the authors have been
able to find material for the revised edition of the pocket-book that has
passed the purely experimental stage and received the test of application.

The ground is very fully covered and there is no department of the
subject that is not included in the work. The authors have succeeded in

presenting a large amount of invaluable data in small compass. L. E. P.

The Civil Engineers Pocket-Book. By John C. Trautwine, Civil Engineer

;

revised by John C. Trautwine, Jr., and John C. Trautwine, 3d, Civil

Engineers. Morocco, xix, 1257 pages, 6J/2 x 4J4 inches, 19th edition,

looth-thousand. Price $5.00 net. John Wiley and Sons, New York,
1909.

Among the reference books devoted to various branches of engineering
practice there is probably none that can with better reason be regarded
as a recognized standard in its field than " Trautwine." It is the product
of a careful investigation and record of the best devices adopted and applied

in engineering practice during a period of nearly forty years in the hands
of compilers of high scientific attainment. It has now reached a circulation

of 100,000 and, in its latest edition, through unsparing and consistent re-

vision contains a condensed presentation of much data otherwise available

only in a somewhat scattered or fragmentary form. This is especially true

of the section devoted to plain and reinforced concrete, the most notable

new feature of this edition and the excellent presentation of statics and
the strength of materials, subjects not always adequately presented in

reference books. L. E. P.
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SECTION OF PHYSICS AND CHEMISTRY

(Stated meeting held Thursday, January 20, 1910.)

PROMOTION OF SAFETY IN THE TRANSPORTATION
OF EXPLOSIVES AND OTHER DANGEROUS

ARTICLES IN THE UNITED STATES.

BY

COL. B. W. DUNN,
Chief Inspector, Bureau for the Safe Transportation of Explosives and other Dangerous Articles,

New York.

[This paper describes the past and present methods of transporting ex-
plosives and other dangerous articles on railroads. Reference is made to nu-
merous fatal accidents which have occurred, due to the careless handling of

dangerous freight. I'he origin, organization and work of the Bureau for the

Safe Transportation of Explosives and Other Dangerous Articles, and its

co-operation with railways and shippers is reviewed. Consideration is

given to the necessity for uniform regulations for the transportation of
explosives, inflammable materials, acids, etc.]

While it is becoming increasingly difficult for one mind
to keep abreast in one specialty of the large store of informa-

tion made available by modern facilities for disseminating

knowledge, yet all who would be useful citizens must take

active interest in any problem that affects national interests

so closely as does the promotion of safety in the transportation

of dangerous articles. Upon us rests an obligation to learn

[Note.—The Franklin Institute is not responsible for the statements and opinions advanced
by contributors to the Journal.]
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i66 Col. B. W. Dunn.

not only what is being done to secure a solution of this problem

by those upon whom the responsibility rests directly, but what

we can do to assist the work.

The dangerous articles referred to are those possessing

chemical or physical characteristics that are liable to cause

fires, or explosions, under the conditions incident to their trans-

portation by railways. Such an article carries its risk from its

compounding to its expenditure in doing useful work. This

risk can be minimized, but it cannot be avoided ; and the chances

for accident increase with the number of human equations

involved in the handling. Insurance can do no more than

distribute the burden.

In the manufacture, transportation, storage, or use of these

dangerous articles, the ignorance, or the indifference, of one

individual may sacrifice the interests of many. The education

of the railway employee is the more difficult, since his handling

of a dangerous article is occasional and of short duration while

tlie duty of the employee in manufacture, storage, or use, is

more permanent.

Since an abnormal risk, due to improper manufacture, or

to insecure packing, cannot be made normal by subsequent care

in handling, a dual responsibility to the public rests upon the

shipper and the carrier.

An unhealthy railway competition for freight encourages

a shipper to economize in packing at the expense of safety;

and even a conscientious shipper will hesitate to spend money
voluntarily for what he may acknowledge to be necessary pack-

ing when his competitors are free to use a cheaper package.

To minimize these difficulties, the railroads of the United

States and Canada are represented in an association known as

the " Bureau for the Safe Transportation of Explosives and

Other Dangerous Articles," organized. under the auspices of the

American Railway Association. This Bureau was created

primarily to promote the safe transportation of explosives, and

as a direct result of the explosion of a carload of dynamite on

the Pennsylvania Railroad near Harrisburg in May, 1905. The
application of emergency brakes to a freight train caused it to

buckle, and a car loaded with a low grade of dynamite was
deflected to the adjoining track in front of a fast passenger

train. The dynamite was exploded by the collision and tlie
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explosion was followed by fire in the overtumed cars. Nineteen
people were killed, one hundred and eighty-five were injured,

and the accident cost the Pennsylvania Railroad alxjut $650,000.
As explosives cannot be safeguarded without protecting them

from fire, and inflammable articles cause fires, the Bureau
was required to prepare suitable regulations for the transpor-
tation of all kinds of dangerous articles, and then to furnish
the inspection service necessary to enforce compliance with these
rules by shippers and railway employees.

Fir.. I.

BL(»CK bLA.-^TINO POWDFH
GRADED.

BLACK BLASTING POWDER
M/XED GRAINS.

Black powder granulation.

It is important to appreciate that while this concerted effort
of the railways promised some decrease in their damage claims,
It promised a more important economy of life, and a relief to
the minds of railway officials anxious to discharge their full

'Iiity to the public. It was a contribution to the public welfare
not required by any State or Federal laws and offered by men
^\ho are too frequently subjected by the public to unn'ierited
criticism.

It is surprising that prior to the organization of this Bureau
so little effective attention was given by legislators to- the trans-
portation of explosives and other dangerous articles. The
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Bureau became active in June, 1907, when there existed an

obstructive Federal statute of 1866 with which it was impossible

to comply. It had been disregarded consistently and in spite of

the severe penalties imposed by it. By securing the confidence

and co-operation of the manufacturers of explosives, the rail-

ways prepared and published a reasonable set of regulations for

the transportation of explosives, and then presented so forcibly

to Congress the necessity for a revision of Federal legislation that

the act of May 30, 1908, was passed. This law invested the

Interstate Commerce Commission with the power to prescribe

such regulations for interstate traffic and, after a public hearing,

the Commission adopted without material modification the rules

prepared by the Bureau.

It is instructive to note the unusual origin of this law.

It was not drawn by a legislator possessing no special knowl-

edge of explosives and inclined under the influence of excitement

caused by some disastrous explosion, to apply drastic, even if

impractical, remedies. It was prepared by naturally antagonistic

elements, shippers and carriers, each technically well informed

as to the characteristics of explosives and alive to its own in-

terests, while amenable to reason and appreciative of the neces-

sity for joint action to promote safety of the public. It is

frequently assumed that railway and other large corporations

are opposed to all kinds of governmental regulation. Here was
a joint request for such regulations submitted to the national

legislature by representatives of all of the railways and of the

large manufacturers of explosives, including the company some-

times described as the " powder trust."

ORIGIN OF BUREAU OF EXPLOSIVES.

The Pennsylvania Railroad has always had more factories

of explosives on its lines and more of this dangerous traffic to

handle than any other railway. The following statement shows

the principal accidents whose cumulative effect on the minds

of the Pennsylvania Railroad Officials caused Mr. James McCrea

to suggest to the American Railway Association in April, 1905,

the advisability of appointing a special committee to draft regu-

lations for the safe transportation of explosives and with a view

to their adoption and enforcement by all members of that asso-

ciation :
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Compilation of Serious Accidents in Transportation of Explosives

OR Other Dangerous Articles, prior to November, 1905,

Recorded by the Bureau op Explosives.

Kind of
explosive, etc.

I
Bureau
number Place and date Killed

I

Injured
Known

property loss

Black Powder. . .

.

Black Powder. . . .

Black Powder. . . .

Black Powder. . . .

Black Powder. . . .

Black Powder. . . .

Black Powder. . . .

Dynamite

Dynamite

Dynamite

Dynamite

Dynamite

Dynamite

Dynamite

Dynamite

Dynamite

Dynainite

Matches

Oil

Rack-a-Rock
(High Explosive)

i9~575 Winchester, Ky. . .

.

Aug. 19, 1881
19-C-1 Kings Mills, Ohio. .

.

July 15, 1890
19-C-2 Lawrence, Ohio. ... ,

Oct. 5, 1893
19-C-3 Greensboro, N. C . -

Oct. 9, 1893

^Q^Sy^ Lawrence, Ohio
Oct. 9, 1893

19-655 Baychester, N. Y. . ,

Oct. 24, 1903
19-C-4 Redstone Jimc, Cal

I

Dec. 24, 1903
19-C-5 Forest, Ohio

Sept. 19, 1887
19-669 Bowie, Texas

April 5, 1 90

1

19-635 Pearisburg, Va
July 17, 1903

19-638 Beaumont, Kas
Sept. 10, 1903

19-C-6 Bay City, Mich
Sept. 13, 1903

19-78 Crestline, Ohio
Nov. I, 1903

19-C-7 Greenwood, Del
Dec. 2, 1903

19-609 Fallon, La
March 21, 1905

19-5 Harrisburg, Pa
May II, 1905

19-661 Council Bluffs, la...
1880

19-652 Tyler, Texas
Aug. I, 1902

19-607 Mystic June, Mass.

.

July 12, 1900
19-657 Tarrytown, N. Y.. . .

1890 or 1891

2

10

19

5

14

61

8

18 $180,000.00

3 10,000.00

7,245.00

4

16,000.00

15,000.00

16

4

32

2

185

7,500.00

28,000.00

24.514-55

643-203.81

278 $932,463.36

Total killed 61
Total inj ured 278
Total known property loss. . . . $932,463.36

Nearly twenty years previous to Mr. ^^IcCrea's proposal the

Pennsylvania Railroad had prescribed for this traffic, regulations

prepared under the supervision of its Chief Chemist, the late
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Doctor Charles B. Dudley. As a rule, other lines had no special

regulations in force and even on the Pennsylvania Railroad

there was no technical inspection service previous to 1905 to

enforce compliance with its rules.

The necessity for the prompt interchange of cars at junction

points made it necessary for the line receiving a car loaded

with explosives to assume all the risks due to possible defects

in the manufacture or packing of the explosive, the preparation

Fig. 2.

Black powder shipping can—screw top.

or loading- of th'e car. Assuming the presence of serious defects,

it was apparent that the exercise of exemplary care in handling

the car in transit could not materially reduce the chances for an

accidental explosion, and when it occurred an innocent line was

liable to be the victim.

The railroads were face to face with an " explosive " prob-

lem that had come gradually into prominence through the growth

of a demand for explosives in prosecuting various industries.

For example, we learn from the Geological Survey that the total

amount of coal mined in the United States during each of the

last three decades has equalled the total mined in this country
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up to the beginning of tiiat decade. Phenomenal increases have

also taken place in other mining industries. The driving of

tunnels, the blasting for foundations and for building stone,

have scarcely kept ahead of the development of new uses for

explosives, even in agriculture. The farmer needs them now
to clear his land of stumps and bowlders, to dig holes for trans-

planting trees, and even to break up a subsoil that he cannot

plow. All of the guns on a modern dreadnought, fired at their

maximum rate, would expend explosives at the rate of about

6000 pounds per minute.

Fig. 3.

Defective cans.

About five hundred million pounds of explosives are produced

annually in the United States and for their transportation about

5000 freight, cars are in constant use. If these cars were dis-

tributed uniformly over the railway mileage of the country, a

passenger would be carried within a few feet of one twice for

every hundred miles travelled, and many of these cars have a

greater capacity for destruction of life and property than

attaches to some of the storage magazines tliat are so willingly

shunned by those living in their vicinity.

The American Railway Association appointed the special
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committee suggested by Mr. McCrea and, as if to emphasize the

necessity for its labors, that unfortunate explosion occurred at

Harrisburg in May, 1905. The Committee with Mr. McCrea
as Chairman, Doctor Dudley and other prominent railway

officials as members, worked assiduously on this problem during

the summer of 1905, employing chemical experts and consulting

freely with representatives of the War and Navy Departments

of the Federal Government. Its draft of regulations for the safe

transportation of explosives was approved by the Association in

November, 1905, and these regulations were prescribed promptly

thereafter by individual lines for the guidance of their shippers

and employees. This was the first essential step toward a great

reform, but it accomplished little for the reason that regulations

do not enforce themselves and these were so technical that they

soon found their way to the top shelf of the busy freight agents

file of circulars.

The Pennsylvania Railroad employed an Inspector of Ex-

plosives immediately after the Harrisburg accident and he was

kept travelling over its lines instructing shippers and railway

employees in the requirements of the rules and checking their

violations of them. Later on, one or two other lines followed

this excellent example. In November, 1905, Mr. McCrea, as

Chaimian of the special committee which has since become one

of the most important standing committees of the American

Railw^ay Association, recommended the organization of the

present Bureau of Explosives to provide for all roads an ex-

tension of the educational and inspection work that had proved

so useful on his line. A Constitution and By-laws for the

Bureau were presented and approved. In the spring of 1907
the Secretary of War, now the President of the United States,

was asked to co-operate by detailing an ordnance officer of

the army to take charge as Chief Inspector of the practical

work of the local inspectors. This request was granted after an

extended discussion that emphasized the obligation of the Federal

Government, the principal shipper of explosives, to assist in

safeguarding the public from the danger of repetitions of the

Harrisburg accident.
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GROWTH OF BUREAU WORK.

In June, 1907, the Bureau niemljership comprised 78 rail-

way companies operating 130,026 miles of track. Under the

scheme provided, the local inspectors, assigned to duty on several

lines, occupied a novel position in railway administration. They
were not actually invested with any disciplinary authority but

they exercised it indirectly and in proportion to the approval of

their recommendations by the operating officials. A successful

inspector must have an accurate knowledge in detail of railway

Fig. 4.

Black powder cans in car test.

operation and a practical knowledge of explosives ; he must
know the regulations thoroughly and, above all, he must have
tact, self-control and good judgment.

Starting ,in August, 1907, with a small group of four, the

force now comprises 21 local inspectors who cover the railway

territory of the United States and Canada. The railway mem-
bership of the Bureau has increased to 173 companies operating

222,629 miles of track.

The task set for the Executive Committee and the Chief

Inspector by the conditions found to exist was sufficiently diffi-

cult. The manufacturing shippers regarded the Bureau with
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suspicion and one of them did not hesitate to express the con-

viction that it represented only a concealed move in the interests

of the large powder corporation. Traffic officials of the shippers

and of the railways were naturally opposed to any restrictions

on the volimie and mo^'ement of traffic. Operating- officials of

railways gave their support but they were uncertain of the suc-

cess of the no^•el experiment which amounted almost to a cen-

tralized management of a railway specialty. Any serious mistake

Fig. V

End car load black powder.

in policy, or administration, would ha^•e resulted probably in the

abandonment of the Bureau as an unsuccessful experiment.

The manufacturers of explosives were admitted to confer-

ences and invited to discuss all proposed rules and amendments.

It was announced that " a rule which cannot be successfully

demonstrated to be reasonable and practical will not be approved

by the Bureau." These manufacturers are now associate mem-
bers of the Bureau and they contribute to its maintenance. They
are the best inspectors we could have to enforce the rules in

their own works.
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Manufacturers of other classes of dangerous articles, drugs,

acids, friction matches, charcoal, etc., are being induced to co-

operate with the Bureau in a similar way. In all cases our effort

is to locate the real causes of accidents and then to find the

most direct road to a remedy, such as separation of drugs that

react on each other chemically to produce fire, use of incom-

bustible packing material for nitric acid instead of untreated

excelsior, a stronger and more air-tight box for friction matches,

sufficient air cooling of charcoal before loading into cars, etc.

Fig. 6.

Full end car load black powder.

It is encouraging to note the spread of this movement to

Canada where the principal railroads are members of the Bureau

and our regulations for the transportation of explosives have

been adopted bv the Board of Railway Commissioners.

BTKEAL' OI'KRATIOX.

The twenty-one local inspectors are assigned to geographical

districts and work in the interests of all railway .members in

their respective districts. After inspection of a railway station.
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during which the records of die station are examined and the

methods of inspecting, bilHng, handhng, and loading dangerous

freight are observed, the fauks discovered are checked on a

blank form, which shows all the faults that could be committed.

Copies of this report are furnished by the inspector to the

agent, to the general manager of the road and to the chief

inspector of the Bureau. If subsequent inspections fail to show
satisfactory conditions, or a marked improvement, a special

report is made to the general manager recommending disci-

plinary action.

Fig. 7.

Dynamite cartridges.

Similar blank forms are used to report inspection of manu-
facturing plants, cars loaded with explosives, and storage maga-
zines from which shipments of explosives by rail are made.

When explosives are found in such magazines not in proper con-

dition for safe transportation, they are condemned by the in-

spector and a written promise not to ship them by rail is exacted

from the owner, or caretaker, of the magazine. Copies of this

agreement with description of the condemned packages are fur-

nished all adjacent station agents (see pages 177 and 178).

The proverbial " ounce of prevention " has an enhanced value

when applied to the handling of dangerous articles. Copies of
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B. E. Farm 10.

BUREAU OF EXPLOSIVES.
VIOLATIONS OF REGULATIONS, observed at

Hewton, N. Y.

John Doe,

Inspected by

During Inepection of

Slation

— Agent

Richard Roe^ ...Local inspector

H. Y, Tenalnal division

H* Y. & Coim* p y.

Date of Inspection .191-

Note.— Violations checked V ha^e been found on this Inspection and the ori^nal of
this report left with Ascnt, who will retain it and exhibit on succeeding Inspec-
tions; a copy will be sent to Chief In'ipector and also to proper Railway Officials.

Numbers in parenthesis ( ) refer to I. C. C. ReKulations.

1. Packages of Explosives showing:
signa of exudation have been
accepted for shipment. (1632)

Forbidden, condemned or defec-
tive packages of Kxplo:^ive3
have been accepted for ship-
ment. (D.E.&F.) il531tol536)

3. Explosives are not properly
loaded or stayed tn cars. (1674

|

to 16831 Y
4. o. Cars are not properly pre-

j

pared or inspected before load-
, __

ing. (1062) ' V
6. Certificate of Inspection
not required. (1065) TT

B. a. Car3_ are not properly pla-
carded "Explosives."

b. Cars are not properly pla-
carded "Inflammables."

c. Certificates of inspection are
not attached to each side of cars.
(1666. 1663. 1665^

7. Cars of less than 60.000 lbs.
capacity are used. (1662a)

Placards are not removed from
cars after unloading- U695>

j

Explosives are not handled care-
fully. (1671. 1672)

10. a. Shipments from connect-
infr lines are not inspected
before acceptance,

b. Shipments which do not
comply with regulations are :

accepted from connecting
j

water lines. (1670)
|

11. Proper certificates on shipping
|

orders are not required from
shippers. (1668)

12. Station has not proper supply I

placards and certificates. j

a. Shippiner orders bearing
certificates are not properly
filed.

b. Way-bills are not properly
endorsed. ac68. 1669)

15. Reerulations are not on file.

Reeulationa have not been
furnished to shipK>er3. (1696)

Employes are not 8i>ec{ally
instructed. (C^neral Notice.)

a. Violations of regulations \

discovered in cars are not re-
|

ported.

6. Reports are not made of
damaged packages of explo
sives discovered. (G.)

Forwarding

Receiving

Interchange

Number of cars
required per week

Storage on Railway property

L. C. L. Average time [ Exception

E 24 hrs{ None

ShippinKdays: TUQS . & ThUTS •

Deacription of storage facilities for Explosives (packages and cars).

Storage bin in warehouse. Ho traok

storage facilltleB.

Fire protection: Lightins arranerment.

Hand Extln̂ uishers^^^ag llKhte.
Character of Explosive freight handled at this Station.

High explo aivea. Blasting caps and

Pireworks > .
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B. E. Form 14-A.

BUREAU OF EXPLOSIVES.

Eichard Roe
-Local Inspector.

Jos, Green.
Inspection of the Magazine used by

, ^ , . Kewton, N. Y.
located at '

,

having been made this day, and explosive material stored therein

. ^ , , Aome Pov/der Co.
manufactured by

having been condemned for the reasons stated below, as not
complying with the Regulations for the Transportation of Explo-
sives, of the Interstate Commerce Commission, it is hereby
promised and agreed that said condemned explosive ma-
terial, (indicated hereon) will not be offered for shipment, or

shipped by rail, except with the written consent of the Chief
Inspector or a Local Inspector of the Bureau for the Safe
Transportation of Explosives. The condemned material is

marked and described as follows:

E9 - 50 lb. Gases Aoroe Dynamite
marked:

11/4x8 G
ACME

DYNAMITE
4055.

XLC - 4 B

Cartridges leaking, boxes stained
with nitroglycerin; not packed with
sawdust and boxes made of lumber
3/8 inch thick.

Witness: Signed^

Richard Roe.

Jos. Green.

Dated at
I^ewton, H. Y. Deo. 10^1^9.

NOTE:—This agrreement should be signed by proprietor of magazine, or author-
ized representative, and forwarded to Chief Inspector; a copy should be furnished
each Railway Agent at Stations to which shipments from this magazine are liable

to be offered, and a copy should be left with proprietor of magazine.
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magazine inspection reports are furnished also to the makers

of the stored product and these reports assist materially in

keeping the manufacture of tliis product up to the standard.

EDUCATIONAL WORK.

The book of regulations prepared by the Bureau contains

about 25,000 words. The subjects treated are technical, and

careful reading and study are necessary to avoid passing over

important facts and rules in the condensed paragraphs. If all

the men who should be familiar with at least some of these

regulations were collected in one class,—men with duties con-

nected with the manufacture, storage or transportation of ex-

plosives, and other dangerous articles,—we should have a class

of several millions. Ti:e important railway members of the class

would exceed a quarter of a million. The educational dit^culties

are multiplied many times by the enforced separation of this

class, the natural limitations to the average intelligence of its

members, and the fact that, for many of the railway employees,

this set of rules is only one of many others with wliich they

must be familiar. We have to contend also with the average

American's indifference to prescribed precautions, especially in

the handling of explosives. With only a limited experience in

the use of small arms he will handle dynamite with impunity

rather than risk an insinuation against his courage. He fails,

in his ignorance, to appreciate that a wholesome fear of ex-

plosives is characteristic of the brave nien who are acquainted

with and handle them daily.

An inspector advances the education of each railwa\' em-

ployee and shipper that he encounters in his daily work. He
attends frequently the business meetings of railway officials and

employees and addresses them on the subject of the regulations.

A special agent of the Bureau, provided with a well-selected set

of lantern slides, covers the lines of Bureau members to deliver

illustrated lectures of one and one-half to two hours' duration

to railway audiences of 25 to 1500 men. These slides emphasize

the destructive power of explosives and show good and bad

methods for packing them and for loading packages into cars.

The following examples and explanations of these illustra-

tions will indicate their value for the elementary instruction of

railway employees (Figs, i and j).
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Black powder is the oldest of explosives in general use. It

is relatively weak but this is an advantage where, as in the

quarrying of building stone, a shattering effect is to be avoided.

It is not ignited readily by friction or by blows, but is peculiarly

susceptible to ignition by sparks or other sources of fire. When
ignited in transit, the violence of the explosion increases with

the fineness of the granulation. For this reason the grade used

in rifles and shot-guns is the most dangerous. Nearlv all ex-

plosions in transit have been preceded by leakage of the ex-

FiG. 8.

End car load dynamite.

plosive from a ruptured package, the rupture being due to

defective design or manufacture of the package, to bad loading

in cars, or to rough handling of the car or package. When even

a thin train of black powder from a leaking package is ignited,

the fire is almost sure to be carried to the source and to explode

the package. Fire in a train of black powder leaking from a

keg in a moving wagon has been known to travel several blocks

and explode the wagon load. The burning of black powder in

the sweepings from a car has caused an explosion in the car,

the fire being carried along by powder dust in the air. The
most important precaution for shippers and railway employees

is to avoid leakage by ofifering and accepting respectively only
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good and sound packages tliat will stand without rupture the

ordinary shocks incident to transportatif^n.

Screw tops, such as shown in Fig. 2, are not used as much

as a slide cover that is held in place by turned-up flanges

of metal. The screw top is liable to work loose when the

combination of a minimum plug in a maximum top occurs.

The head and side seams of the cans are sources of possible

defects in construction.

Fig. 9.

ii,|

/Yf^'^
'

:

«
'['HH

'

*:| ''>*^"i|ii

Side full car load.

Illustration Fig. 3 is a photograph of cans filled with black

powder, offered h\ a shipper, who e\'idenced no regard for

safety of the public, and accepted by a railway agent without

inspection. A casual inspection would have shown that ix)wder

was visible through open seams and holes eaten through the

cans by rust. This is a good example of the old practice that

has been ahnost entirely corrected by the activity of agents of

the Bureau of Explosives.

Illustration P^ig. 4 is a photograph of cans taken from a car-

VoL. CLXIX, No. ion—

8



i82 Col. B. W. Dunn.

load just after the car had been intentionally subjected to a

coupling test at a speed in excess of the usual practice. The
large volume of modern railway traffic makes it difficult to pre-

vent the occasional rough treatment of a car. These kegs were

loaded with sand for this test and the sand spilled from open

seams to the floor would, under similar treatment in service,

represent loose powder prepared for ready ignition by friction.

Fig. 10.

EXPLOSIVES
HANDLE C ! LY

KEEP FIRE AWAT
<»Ntii Th I h 1^1 1 1 , I 111' n \'.M(

I

I" I., .ii... ,1 ,i..„.,r

II I I I i>. .1 I

I-. I .Mr. I I..l«..,. Il„ . ,, .. ..|

ol <n> !• »l. I.^ihIIim^

. U. .1. |I,...,.kI, .'U.I

A(.l\ls,M III .IINMH.-,; \-.'i IKANMI I' I \ !' i\ , 1 ,|.'|iM\ lllf \M ) ( ( )NIII II lUKS
. .

"'/;''"'"'' iii'i HUM t ,w\. ^|:| I'l Minin i ki .f.i < Alt a-, m ,i in \s mi i ki-i usivi.s

Explosive placard.

by a spark entering the car, or by grains of powder escaping

from the car and falling among brake-shoe sparks.

The loading and bracing of packages should be such as to

prevent their relative movement in the car during transit. Fig.

5 shows a method devised to do this at a minimum cost of

labor and material. The kegs are piled to interlock, and they

are arranged in steps so that the bracing of the front row will

protect all the kegs against longitudinal movement. The floor

brace is constructed outside the car, and the only nailing re-
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quired inside is that to secure the brackets to the floor. In

driving these nails there is no danger of the hammer striking a

package of explosives or of having a badly directed nail penetrate

one of the packages.

One end of a car bearing a maximum load of black powder

(2000 kegs, 50,000 pounds of powder) and the bracing of the

load are shown by Fig. 6.

As is well known, dynamite is made by mixing nitro-glycerin

with an absorbent material that holds the liquid in suspension.

Old method of loading.

as a sponge holds water. In this condition the small particles

of the liquid are cushioned against shock and will bear a reason-

able amount of rough treatment. The absorbent is called the
" dope " and is itself explosive since it consists, as a rule, of
a mixture of sodium nitrate and wood meal. If. for anv reason,

the absorbent releases the nitro-glycerin. we not onlv lose the

cushioning efifect referred to but the liberated liquid is liable

to exude through the joints of the paper cartridge and to the

outside of the wooden box. where it may be igniited reailily

by friction or bv sparks (see l-'ig. 7).
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High storage temperatures render the hquid less viscous and

facihtate its escape from the absorbent. The entrance of moisture

into the hygroscopic " dope " during- storage in damp magazines

also tends to drive out the nitro-glycerin.

Dynamite in good condition, as it leaves the factory, may
thus become dangerous througli physical changes in storage and

during times that are short in proportion as the factor of safetv

provided by the manufacturer against exudation is low. The

Fig. 12.

Engine tL-nder.

necessity for careful inspection of packages, offered for trans-

portation after storage, is apparent. It is also evident that the

cartridges will leak more readily if stored vertically and especially

if subjected to the vibration of a moving car while in that

position. Hence the conspicuous marking on the top of each

box, " This Side Up."

A serious explosion of dynamite in transit was caused by

leakage from a magazine shipment of 5000 pounds. The liquid

nitro-glycerin escaped finally through tlie floor of the car to the
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wheel and was ignited by pressure between wheel and rail. At

first, only detached drops exploded with a fire-cracker noise;

but finally the explosion of a numl)er of drops that had collected

while the car was at rest caused the explosion of the entire

shipment at an estimated cost to the railroad of over $200,000

for life and property destroyed.

In spite of convincing circumstantial evidence that this

dvnamite was not in proper condition for safe trans|Xjrtation

Fig. 13.

Result of collision with wagon load of dynamite, B. & O. R. R.

when offered to the carrier, the shipper filed a claim against the

railway for the destruction of his $600 worth of dynamite.

Fig. 8 shows application of the interlocking and step-down

method to the loading of boxes of dynamite. Fig. 9 shows a

side view of a maxiimim carload. Any lost longitudinal space

is taken up by (lri\ing wooden wedges between the cribs that

separate the end loads. A car containing as much as 60.000

lbs. of dynamite has been loaded by this method and transported

in safetv for a long distance.
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These pictures help us to appreciate the serious and unwel-

come responsibility that rests on the carrier of such lading

through our densely populated centres. Shippers of inflammable

articles that may under certain favorable conditions cause fires,

such as drugs, inflammable oils and licjuids, chemicals, charcoal,

friction matches, and acids, should recall, when inclined to com-
bat enforcement of the rules, that these rules are a part of the

general scheme necessary for segregating and protecting the

more dangerous materials.

A placard (Fig. lo), 12x14 inches in size and printed in

conspicuous red and black letters is attached to each of the

sides and ends of a car, 4^2 feet above the car floor. It bears

a synopsis of the more important rules for the safe handling of

the car. Many of the trainmen who do not study the book of

regulations are thus given frequent opportunites to learn their

principal duties. Cars must be specially selected and prepared

for the transportation of the more dangerous explosives. The
following Car Certificate signed by representatives of the carrier

and shipper, each checking the other, must be attached to each

side of such a car

:

CAR CERTIFICATE.

No. I

.

Statiok, 19

I hereby certify that I have this day personally examined
car No , and that the roof and sides have

no loose boards, holes, or cracks, or unprotected decayed spots

liable to hold sparks and start a fire ; that the kingbolts or draft

bolts are properly protected, and that there are no uncovered irons

or nails projecting from the floor or sides of the car which might
injure packages of explosives; also, that the floor is in good con-
dition and has this day been cleanly swept before the car was loaded

;

that I have examined all the axle boxes, and that they are properly
covered, packed, and oiled, and that the air brakes and hand brakes
are in condition for service.

* Railzvay Employe Inspecting Car.

No. 2. 19

I hereby certify that I have this day personally examined the

above car, that the floor is in good condition and has been cleanly

swept, and that the roof and sides have no loose boards, holes,

cracks, or unprotected decayed spots liable to hold sparks and start

a fire; that the kingbolts and draft bolts are protected, and that

there are no vmcovered irons or nails projecting from the floor or

sides of the car which might injure packages of explosives; that

the explosives in this car liave hceu loaded and stayed, and that
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the car has been placarded according to paragraphs 1661, 1666, and
1674 to 1683, inclusive, of the Regulations for the Transportation
of Explosives prescribed by the Interstate Commerce Commission

;

that the doors fit so tightly or have been stripped so that sparks
cannot get in at the joints or bottom.

* Shipper or Duly Authorized Agent.

* Raihi'ciy Employe Inspecting, Loading and Staying.

Note.—Both certificates must be signed. Certificate No. i by
the representative of the carrier. For all shipments loaded by the
shipper, he, or his authorized agent, and the representative of the
carrier must sign certificate No. 2. When the car is not loaded by
shipper certificate No. 2 must be signed only by the representative
of the carrier. A shipper should decline to use a car not in proper
condition.

* A. R. A. Standard Certificate, Rules 1301, 1306 and 1307.

Before offering a slii[)nient of explosives to the carrier, the

shipper must prepare it properly and his written request for its

transportation, his Shipping Order, must have the following

certificate

:

This is to certify that the al)Ove articles are properly described
by name and are packed and marked and are in proper condition
for transportation, according to the regulations prescribed by the

Interstate Commerce Conmiission.

The explosive must be described on the shipping order under

one of the following names: Black or Brozi'ii Powder, High
Explosives, Smokeless Pozvder for Cannon, Smokeless Pozcdcr

for Small Arms, Fulminates, SiiiaU-artns Ammunition, Ammu-
nition for Cannon—Explosive Projectiles, Ammunition for Can-

non—Empty Projectiles, Ammunition for Cannon—JVithout

Projectiles, Explosive Projectiles, Detonating Fu::;es, Blastitig

Caps, Electric Blasting Caps, Primers (naming kind), Percussio)i

Fuses, Time or Combination Fu::es, Common Firezvorks, Special

Firezi'orks, Safety Fuse, or Safety Squibs. Other explanatory

terms may be added if desired for the information of consignees.

For example, any compound that can be detonated by a com-

mercial " blasting cap " must be described as " High Explosive
"

and, for obvious reasons, railway employees are not allowed to

recognize any difference in the dangers attending the handling

of the various types of high explosives. The description may
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or may not show the type, as " 400 Cases High Explosives

(Blasting Gelatin)."

Fig. 1 1 shows method of loading a box of dynamite when
its handling was similar to that of a box of crackers. It was
not only liable to be moved in the car imder coupling and other

shocks but there was danger of injury to it from other packages

of freight falling on or against it. In the picture, a heavy cast-

ing rests against the box of dynamite. In another case one

of our inspectors found a box of dynamite acting as a chock

for a heavy spool carrying a ton of lead covered cable. A

Fig. 14.

Oklahoma magazine.

contrast of this picture with the previously illustrated methods

for orderly loading and bracing of these dangerous packages

will indicate some of the reforms resulting from the work of

the Bureau.

Fig. 12 shows an actual occurrence due to carelessness of

the engineer of a shifting engine. The almost miraculous escape

from an explosion of this and three other cars in the vicinity,

each carrying over 20,000 pounds of dynamite, was due largely

to the fact that the dynamite was in a frozen state. When
completely frozen, dynamite is less sensitive than usual to shock,

and in a partially thawed state it is more sensitive.
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Fig. 13 reproduces an old photograph and gives some idea

of what happened when the engine of a freight train struck a

wagon containing 950 pounds of dynamite.

Fig. 14 shows effect on a freight train, 200 feet away, when
a magazine containing about 19,000 pounds of dynamite was
exploded by lightning. Not the least important feature of our

work has been an agitation of the danger involved in locating

storage magazines too close to railway tracks and inhabited build-

FlG. 15.

Black-powder- projectile fragmentation.

ings. The manufacturers of the powder stored in such maga-
zines are co-operating heartily with us to secure removal of

these hazards as rapidly as possible.

One method, frequently used in the military service, to deter-

mine the relative strength and especially the quickness of an

explosive, is to explode loaded projectiles and examine the size

and number of fragments. Black powder breaks a rooo-pound
projectile into a small number (30-50) of large pieces (Fig. 15) :

a high explosive of medium strength and quickness (Fig. 16)

yields about toco pieces, the average weight of one pound being
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quite satisfactory for attack of the enemy's personnel and ma-
terial; and a powerful, quick explosive, such as picric acid, or

explosive gelatin (Fig. 17), converts the projectiles almost into

metallic grains and dust, too small to cause serious injury to

material.

Fig. 18 illustrates the force exerted by 135 pounds of a

high explosive, of medium strength, exploded in a 1000-pound

projectile, suspended three feet under the surface of the water.

Figs. 19 and 20 show the effect on a 12-inch gun, weight

Fig. 16.

High-explosive- projectile fragmentation.

52 tons, of the premature explosion in the bore, of a shell

loaded with 180 pounds of explosive gelatin. This experiment

was made against the advice of military experts and cost the

Government consideral)ly more than $50,000.

The tendency of inexperienced men to become over-confident

in handling explosives is well illustrated by Fig. 21. An en-

thusiastic inventor constructed a special gun to fire shell loaded

with dynamite and claimed to have used it successfully on

occasions when his friends and members of his own family were

allowed to stand near it. When the gun was tested by experts
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the inventor objected to what he considered the unjust iusinua-

tion involved in asking him to take cover. He was \ery much

pleased afterwards that he had been forced to do so.

INFLAMMABLE ARTICLES.

Regulation of the transi)ortation of inflammable articles,

compressed gases and acids, is necessary to the safeguarding

of explosions in transit. Indeed, it is quite possible for some

inflammable articles to form true explosive mixtures during

Fic. 17

Powerful, quick-explosive-projectile fragmentation.

transit. An explosion is only a means for making a fire quickly,

the necessary oxygen to burn the combustible matter being fur-

nished bv the chemical compound instead of by a draught of

air. When the combustible vapors of such a liquid as gasolene

are mixed with air in equivalent proportions we obtain a true

explosive of great power. Such a mixture containing a pound of

gasolene vapor is much more powerful than a pound of dyna-

mite, though not capable of as much condensation or of generat-

ing such a high local pressure.

The foundation for disaster in transit of inflammables, as
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of explosives, is laid by a leakage of contents from shipping

containers. To minimize this leakage, the packages must be

well designed and made, and they must be handled carefully

and intelligently. Both the shipper and the carrier have in-

dependent duties to perform and a failure of either may sacrifice

safety.

The regulations classify these articles under definitions illus-

trated by numerous examples, tell how different substances must

Fig. 18.

Water mine.

be packed, marked and labelled, and require the shipper to furnish

over his signature on his shipping order, a certificate of his

compliance.

The various labels that shippers must furnish and attach to

those packages that require a label are reproduced below in

reduced size. These labels are of diamond shape, diagonals 5J>^

inches long, and of distinctive colors (see Figs. 22, 23, 24, 25,

and 26).

A car that contains one or more packages protected by a red.
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or yellow, la]>el must carry on botli sides and ends an " In-

flammable Placard" of diamond shape (Tig. 27), 15 inches

long, printed in conspicuous red and black letters.

Many of the fires due to leaking shipments of inflammable

liquids would be axoided b\- compliance with the second rule

printed on the placard. The regulations are designed to minimize
the chances for leakage and even when it occurs to prevent
fire.

In August, 1907, a car at Kingston. X. Y., contained a leak-

ing sliipment of rubber cement and it bore no warning placard.

Fig. 19.

Railway employees entered it at night with a lighted lantern to

transfer the shipment and the lantern flame ignited the mixture
of gasolene vapor and air. The resulting fire consumed the

station and about 40 cars of merchandise, causinsf a loss of
alxDut $140,000. It is frequently the case that the cars at this

transfer point include several loaded with dynamite from a
factory only 8 miles away and it was only good fortune that

prevented their presence on this occasion. Under the present

Federal law the shipper who offers to a railway a dangerous
article, such as gasolene, or rubber cement, without marking the

packages correctlv and. in addition, givins: to the carrier infor-



194 Col. B. W. Dunn.

mation as to the characteristics of the material shipped, is hable

to incur the heavy penahy of i8 months' imprisonment and a

fine of $2000. The labels, prescribed by the railway and illus-

trated above, have been designed to facilitate compliance with

this law. They must be furnished and attached to his packages

by the shipper.

The shipper must also describe his material correctly on his

shipping order and write, stamp or print thereon, immediately

Fig. 20.

above his signature, or that of his authorized agent, the follow-

ing certificate

:

This is to certify that the articles in this shipment are properly

described, packed and marked, and that all necessary labels have
been attached to packages, as required by paragraphs 1801 to 1857,

inclusive, of the Regulations for the Transportation of Inflammable
Articles and Acids.

A shipper who signs this certificate must be familiar (i)

with the regulations, and (2) with the characteristics of his

shipments. Without this familiarity his certificate is liable to
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give false and misleading information to the carrier in violation

of the law.

Opposite each entry of material requiring a label must be

stated the kind of label attached to the packages. The materials

that require labels are determined by comparing their charac-

teristics with standard definitions

:

DEFINITIONS.

1801. Inflammable Liquids.—Red Label.—This group includes any
material, compound, or mixture, that gives off inflammable vapors (as

determined by flash point from Tagliabue's Open Cup Tester, as used for

test of burning oils) at or below a temperature of 80° F. (For examj^les and
quantities, see List Xo. i, Paragraph 180;.)

1802. Inflammables. — Yellow Label. — This group includes: (i)

Materials subject to spontaneous combustion; and (2) materials, other than
acids, that are liable to cause fires by friction, by concussion, by absorption
of moisture, by contact with organic matter, or otherwise. (For examples,
see List No. i, Paragraph 1S05.)

1803. Compressed Gases or Liquids.—This group includes the fol-

lowing gases:

f Acetylene Cias.

Inflammable Gases. Coal Gas.
Red Label.

j Ethyl Chloride.
(Inflammable Placard on car.) |

Hydrogen Gas.

L Pintsch Gas.

f Anhydrous Ammonia.
Carbonic Acid (Carbon Dioxide) Gas.

Non-Inflammable Gases.
|
Chlorine Gas.

Light Green Label. -• Compressed Air.

Nitrous Oxide (Dental Gas).
Oxygen Gas.

[ Sulphur Dioxide.

(No Placard required on car.)

NOTE.—Hydrogen and Oxygen Cylinders are shipped in pairs for Calcium Lights.

1804. Acids.—White Label. ^ This group includes the following
substances:

Acid, Hydrochloric. (Muriatic Acid.)
Acid, Hydroflvioric. (Etching Acid.)
Acid, Nitrating. (Mixed Sulphuric and Nitric.)
Acid, Nitric. (Aqua Fortis.)
Acid, Sulphuric. (Oil of Vitriol.)
Bromine.
Phosphorus-, Trichloride.
Sulphur, Chloride.

To assist in applying the definitions, lists of the principal

inflammable articles are given. A list is also given of " Doubt-
ful Articles." the doubt being due to the use of the same name
to describe a variety of substances, some of them inflammable

under the definitions:
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PRINCIPAL INFLAMMABLE ARTICLES AND ACIDS.

1805. The following list (No. i) shows the principal inflammable articles

and acids covered by these regulations, and the quantities which may be
shipped in one package without a label when certified "No Label Required."

(See Pars. 1814 and 1815.)

LIST NO. I. INFLAMMABLE LIQUIDS. RED LABEL.

NAME.

Acetone
Alcohol, denatured
Alcohol, grain (ethyl alcohol) . .

.

Alcohol, wood (methyl alcohol).

Amyl Acetate
Benzene
Benzine
Benzoic
Carbon Bisulphide.

Flash
Point.

(Mayvary
with

purity.)
Deg. F.

35
40-55
57

45
70-95
20

*Zero
20

*Zero
Goal Tar Naphtha (light oil)

|

20
Collodion *40
Cologne Spirits 60
Columbian Spirits 45
Ether *Zero
Ethyl Acetate 40
Ethvl Chloride *Zero
Ethvl Methvl Ketone 30
Ethyl Nitrite *Zero
Gasolene *Zero
High Wines (proof spirits over 100 proof) 60-80
Hydro-Carbon (Pintsch gas drips) *Zero
Lacquer (Nitro-Cellulose solution) 20-70
Lacquer (Shellac) 40-70
Leather Cement *Zero
Liquid Bronze *40
Naphtha *Zero
Naphtha Cement *Zero
Nitro-Cellulose, solution 20-70
Nitro-Cellulose, wet with solvent

^ 40
Neutral Spirits 57
Nitro-Glycerin Spirits t^o
Paint (bronzing, aluminum and gold) ' *2o-7o
Petroleum Ether *Zero
Petroleum Naphtha
Petroleum Spirit

Proof Spirits

Pyroxylene (see Nitro-Cellulose)
Rhigolene
Rubber Cement
Rubber Solution
Shellac, liquid

Soluble Cotton (see Nitro-CelUilose). . .

.

Spirits Glonoin (Nitro-Glycerin Spirits)

Toluene
Toluol
Wood Spirit

*Zero
*Zero
60-80

*Zero
*Zero
*Zero
40-70

t6o

55
45

Maximum quantity
(see Pars. 1 814 and
1815) in one pack-
age which may
be certified "No
Label Required."

^ gallon.

I gallon.

I gallon.

I gallon.

I gallon.

i gallon.

I gallon.

^ gallon.

No exemption.

i gallon.

^ gallon.

5 gallons.

I gallon.

5 pounds.
I gallon.

3 doz.4^ oz.tubes.

i gallon.

J gallon.

h gallon.

I gallon.

h gallon.

^ gallon.

I gallon.

h gallon.

^ gallon.

h gallon.

i gallon.

I gallon.

5 pounds.
I gallon.

No exemption.

^ gallon.

I gallon.

I gallon.

I gallon.

I gallon.

i gallon.

I gallon.

I gallon.

I gallon.

No exemption.

I gallon.

I gallon.

* At or below. t Appro.ximate.
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INFLAMMABLES. YELLOW LABEL.

97

NAME.

Maximum quantity
(see Pars. 1814 and
1815) in one pack-
age which may
be certified " No
Label Required."

Bags, empty, used for Nitrate of Soda No exemption
Barium Peroxide No exemption.'
Calcium Phosphide r pounds
Charcoal, ground 10 pounds
Charcoal, lump 10 pounds.
Chlorates ... 2 ? pounds.
Chromic Acid (anhydrous) 10 pounds.
Collodion Cotton (see Nitro-Cellulose)
Cotton Waste, oilyj No exemption.
Desiccated Leather (fertilizer ingredient) 10 pounds.
Dried Fish or Fish Scrap (fertihzer ingredient) 10 pounds!
Fillerine (fertilizer ingredient) 10 pounds.
Garbage Tankage (fertilizer ingredient) 10 pounds
Gas Purifying Waste (fertilizer ingredient) 10 pounds.
Gun-Cotton (see Nitro-Cellulose)
Iron Mass, spent 10 pounds
Iron Sponge, spent 10 pounds.
Magnesium Powder r pounds
Matches, friction No exemption.
Metalhc Potassium No exemption.
Metallic Sodium No exemption.
Negative Cotton (see Nitro-Cellulose)
Nitrate of Potash, in bags No exemption.
Nitrate of Soda, m bags No exemption.
Nitrates, m bags No exemption.
Nitre, in bags.

. No exemption.
iNitro-Cellulose, dry {see Htgh Explosives)
Nitro-Cellulose, wet with water No exemption
Phosphorus, yellow No exemption!
Potash, chlorate 25 pounds
Potash, permanganate 25 pounds
Potassium Peroxide No exemption.
Pyroxylin (see Nitro-Cellulose)
Saltpetre, in bags No exemption. '

Sodium Peroxide No exemption.
'

Soluble Cotton (see Nitro-Cellulose)

^?*^^- • 10 pounds.
Zmc Dust 10 pounds.
Zinc Flue Dust 10 pounds.

X Cotton Waste, oily with linseed oil, must not be shipped.
•

T
NOTE.-—Labels must be applied to at least 10 per cent, of bags containing Inflammables,m L. L. L. shipments.

Vol. CLXIX. No. loii—

9
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ACIDS. WHITE LABEL.

NAME.

Acid, Hydrochloric (Muriatic)
Acid, Hydrofluoric (etching acid)

Acid, Nitrating (mixed Sulphuric and Nitric

Acid, Nitric

Acid, Sulphuric (Oil of Vitriol)

Bromine
Phosphorus Trichloride
Sulphur Chloride

Maximum quantity
(see Pars. 1814 and
1815^ in one pack-
age which may
be certified " No
Label Required."

5 pints.

5 pints.

No exemption.
No exemption.

5 pints.

No exemption.

5 pints.

5 pints.

-DOUBTFUL ARTICLES.

Partial list of general names* of groups of articles that will require:

(i) Shippers' Certificate, (2) Notation as to labels applied or not required
and (3) Wa^^bill endorsements. Par. 1873. (See Par. 1815.)

Automobile Supplies, N. O. S.

Blacking, N. O. S.

Blacking, stove, liquid.

Cement, liquid, N. O. S.

Cement, roofing.

Chemicals, N. O. S.

Compounds, polishing, N. O. S.

Compounds, type cleaning.

Compounds, vulcanizing.
Compounds, wall cleaning.
Compounds, waterproofing.
Crude Oil.

Dip, sheep.
Disinfectants, liquid, N. O. S.

Drier, paint and Japan, N. O. S.

Drugs, N. O. S.

Eradicator, paint or grease.
Extracts, N. O. S. (see List No. 3).

Gas Oil.

Laboratory Supplies, N. O. S.

Liniments.
Liquids, N. O. S.

Matches, N. O. S.

Nitrotoluol (may be Trinitroluol, a
high explosive).

Oil, N. O. S.

Paints, N. O. S.

Paste, shoe.
Petroleum products, N. O. S. (See

List No. 3.)

Pitch Roof Coating.
Polish, floor, liquid.

Polish, furniture.

Polish, Hquid, N. O. S.

Polish, metal.
Polish, stove, liquid.

Preparations, insect and vermin de-

stroying.
Preservers, iron, steel or wood.
Removers, paints, oil or varnish.
Shellac, liquid, N. O. S.

Softeners, leather.

Solvents.
Stain, furniture.
Stain, leather.

Strontia.
Turpentine Substitutes.
Varnish, N. O. S.

Varnish and Paint Removers.

NOTE.—When practicable to avoid it, safe articles should not be described by genera
names that suggest doubtful characteristics.

W'hen an article, not covered by the definitions, is shipped

under one of these doubtful names, the shipper must state on

his shipping order, " No Label Required " and furnish the ship-

per's certificate.

The regulations contain also a long- list of " Excepted
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Articles," articles that have been investigated by the Bureau

and found, from their characteristics, or the method used, in

packing them, to be safe for transportation without certificates

or labels. This list is revised twice a year.

All of the regulations for inflammable articles, so far as

they relate to the duties of shippers, are published as an appendix

to the " Official Classification " and filed with the Interstate

Commerce Commission. This removes any doubt as to their

legal status and prevents also any possibility of conflict with the

provisions of the Official Classification. For example, this book

gives a classification for " Petroleum Products " in jacketed cans,

Fig.

Proposed dynamite gun.

and the inflammable regulations prohibit the shipment of any
licjuid with a flash point below 80- F. in such a can unless the

can is protected by a strong crate or box. Wherever applicable,

the regulations must be the shipper's guide ( Official Classifica-

tion, Rule 35).

CONCLUSION.

11ie organization and work of the Bureau of Explosives

rei)resents an important step in the Federal control of interstate

transportation of dangerous articles. The regulations for ex-

plosives, resulting from experience and the joint action of trans-

portation and manufacturing interests, have now the support of

hederal adoption. The b^ederal agent, the Interstate Commerce
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Fig. 22.
Fig. 23.

Various kinds of inflammable placards.
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Commission, while vested with plenary power to over-rule them,

is working- in complete harmony with these interests. The
Bureau is agent of both interests, the manufacturers being ad-

mitted to associate membership. The confidence of the Inter-

state Commerce Commission in it is shown by the following

paragraph from the Commission's regulations, to which the

underscoring has been added

:

1531. Fin-))idden explosives, as defined in paragraph 1501, and
explosives condemned by the Bureau of Explosives, must not
l)e accepted for shipment.

In the development of the Bureau, and in its active work
up to the present time, President Taft has shown his interest

and approval by allowing, at request of the x\merican Railway

Association, an officer of the ordnance department of the army,

with experience in the manufacture, use and handling- of ex-

plosives, to co-operate with railway officials. It seems to be

the desire of these officials to continue this co-oi>eration as long

as possible, and this work offers greater opportunities thaji

regular military duties for useful service to the public. The
actual authority exercised by the officer comes entirely from

transportation sources.

The regulations for inflammables have been developed by

the same general methods and the time has now arrived for the

Federal Congress to amend Section 233 of the Penal Code by

extending the authority of the Interstate Commerce Commis-
sion to cover " other dangerous articles " as well as explosives.

The moral effect of this would be of great assistance to the

Bureau in securing a more strict compliance with the rules by

shippers and railw^av employees.

The writer will be pleased to receive from any reader of this

article suggestions for improving the policy or work of the

Bureau. All. who approve the object and methods of the Bureau
are requested to utilize convenient opportunities to express this

approval and especially to those shippers of dangerous articles

who. through misapprehension of our objects, or through a

selfish desire to economize the cost of their packing at the ex-

pense of safetv. are inclined to resist enforcement of the niles.
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DEVELOPMENT OF THE MALLET LOCOMOTIVE.

BY

MR. GRAFTON GREENOUGH,
Manager Sales Department, Baldwin Locomotive Works.

[The Mallet Articulated Locomotive differs from the common types of

rigid frame locomotives, in that it comprises a combination of two separate

engines, one being high pressure and one low pressure, with one boiler.

It differs from other flexible locomotives because the high-pressure

engine is secured to the firebox end of the boiler whilst the low-pressure
engine supports the smokebox end of the boiler and is hinged to the front

end of the high-pressure engine.

This design of locomotive has proven well adapted to the peculiarities

of American Railroads, and it is with the progress of this adaptation we
are particularly interested.]

Nearly two years ago it was my privileg"e to address

the Engineers Club of this city with regard to the introduction

of Mallet locomotives in the railroad service of this country.

Since that time the adoption of the Mallet Articulated locomo-

tive in not only a limited iield of service, l)ut in widely diver-

sified fields, has resulted in developments of design which I

hope will prove of sufficient interest to command your kind

attention. In order to avoid starting our discussion half way
up the ladder of progress, with your permission, I will refer

briefly to some of the fundamental principles of Mallet con-

struction which form the foundation upon which all successful

developments of the articulated locomotives are based. In the

practical walks of life all progress, like the mountain stream

choosing its i>ath to the sea, follo\\s the lines of least resistance,

hence we find in what might be termed " commercially ajiplied

mechanics '"
a series of compromises bearing perhaps first one

wav, and then anotlier. Idie historv of railroad development in

tliis countrv has proxcn no exce])tion to this rule, as in order

to meet the ever increasing demand for an increase in trans-

portation facilities, the growth of the locomotive and the im-

pro\'ement of the roadway, wliicli includes roadbed, track,

202
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trestles, and bridges over which the locomotives must operate,

show akernate advances in those divisions of railroad property,

which have usually been made with a view to causing the

least possible change in other divisions. To use existing road-

ways in the early days of railroading, the numl^er of wheels

carrying a locomotive was increased, only to be again reduced

in order to simplify the locomotive, as in turn better road-

ways were provided to carry an increased weight per wheel.

This process of development through intermittent stages brought

what we are pleased to term the common types of locomotives,

or perhaps more distinctively rigid frame locomotives, to a high

degree of practical etficicncy. Until Mallet locomotives were

used it was thought that IJ5 tons in working order was
practically the limit of weight on the drivers which could be

utilized in one locomotive. Even such engines could only

be used in comparatively few places l3ecause of their long rigid

wheel-bases and their limited ability to cun'e freely. A few

engines approaching this weight had been built, of the Con-

solidation Type, but they could only be used on rails approximat-

ing 90 pounds weight per yard—and comparatively small mileage

was laid w-ith such rails. Some engines approximating this

weight were built with five pairs of driving-wheels, either of

the Decapod Type with a leading truck only, or of the Santa

Fe Type with five pairs of driving-wheels, and a two-wheeled

truck front and back. The several additional feet of rigid

wheel-base in the last two named types, however, proved a

very serious obstacle and precluded a universal acceptance of

those designs. Consequently. Railroad Companies had almost

concluded that the solution to their problem of moving greater

train loads must lay in either widening the gauge of their roads

and providing stronger and heavier locomotives of existing de-

signs, or in increasing the number of locomotives per train.

The latter expedient was adopted to such an extent that on many
heavy grade divisions it was not uncommon for three locomotives

to be attached to a single train. Evidently such an expedient

could only afford temporan- relief, yet the enormous outlay

required to increase the gauge of our many thousand miles of

railroad banished hope of relief in that direction. The path

of least resistance surely seemed to lead to a change i.n the design

of locomotives whereby their power and size might l)e increased
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Although their maximum height and width had been reached,

because of the Hmiting gauge, growth was still possible through

an increase in length.

In this dilemma attention was turned to the Mallet design,

which had l)een used to some extent abroad, although no engines

of that type had been built which even approximated the weight

or size of rigid frame engines in use on our American Railroads.

The feasability of adapting the Mallet principle to our

conditions was long considered before any could be found with

sufficient temerity to make a definite trial. The first road to

make this trial was the Baltimore & Ohio Railroad Company,
which had r)ne Mallet Articulated locomotive built by the

American Locomotive Company in 1904 for pusher service on

Sand Patch Hill, near Connellsville. Pennsylvania. This engine

is still doing efficient work. The trial, however, which bids fair

to revolutionize railroading, was made shortly after, when the

Great Northern Railway placed in service five Mallet engines

built by the Baldwin Locomotive Works.

The designs of these first Mallets for the Baltimore and

Ohio Railroad and the Great Northern Railway embodied all

those peculiar features which distinguish the Mallet locomotive

from other flexible or articulated engines. In common they had

three pairs of driving-wheels in each group, the rear group

being hekl in a rigid frame to which the high-pressure cylinders

and boiler were attached. The forward group was held in a

frame to which was fastened the low-pressure cylinders, and also

trans\'erse brackets which supp(jrted the forward end of the

boiler. Each group of wheels was operated by an indepen-

dent pair of cylinders, pistons, crossheads, connecting rods,

valve motion, and consequently each combination comprised an

independent engine ; the forward engine being attached to the

rear engine by a kingpin located about half way l>etween their

adjacent driving-wheels, so that the forward engine would

articulate about the king]iin at its rear just as the forearm of

a human being articulates about the elbow-joint.

This arrangement, it is found, gives just the range in cur\ing

ability which is requisite under conditions common to American

Railroad practice—to increase the driving-wheel base of locomo-

tives without increasing the strength of roadway or without

chanfjin"" curves. In other words, if a roadwa\' is suitable for
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Consolidation engines of a given rigid wheel-base and a given

weight per wheel, it is also suitaljle for what we have begun to

term Cons(jlidati(jn Mallets with sixteen driving-wheels and a

two-wheeled truck frtnit and back, which is virtually the equiva-

lent of two consolidation hjccjniotives hinged back to back.

Aside from some minor details of construction there was

also a fundamental difference in the designs of the locomotives

for the two roads. The Baltimore & Ohio locomotive had no

truck-wheels, whilst the (ireat Northern engine had lx)th a

leading and a trailing two-wheeled truck, thus exemplifying an

important \'ariance in opinion existing between the two builders.

The American Locomotive Company has .strongly espoused

the cause of " Xo trucks
""

for Mallet locomotives fijr reasons

which are ably set forth by their Consulting Engineer. Mr.

C. J. Mellin, in his paper of December, 1908, l)efore the American

Society of Mechanical Engineers, alleging that trucks involve

objectionable first cost, maintenance charges, dead weight, un-

favorable distribution of weight and produce the same result

as putting a " truck in front of a truck " l3ecause the first

engine of a ]\lallet locomotive is practically a truck. He further-

more charges the use of the front truck with increasing the

distance from the front drivers to the front bumper, increasing

the wheel-base of the locomotive and where a rear truck is not

used also with necessitating the boiler l>eing moved forward,

so that the width of the firebox is limited to approximately

^2 inches in order to clear the valve motion. On the other

hand, the Baldwin Locomotive Works have always advocated the

use of trucks for Mallet locomotives under all conditions which

render trucks advisable in rigid frame locomotives, hence it will

l>e interesting to follow the ultimate outcome of this difference

in opinion.

Let us for a moment consider the use of trucks on common
ty|>es of rigid frame locomotives. Front trucks are provided for

Mogul locomotives, for Consolidation locomotives, and for

Decapod locomotixes, to steady the front end of the locomotive,

to assist in guiding the engines around curves and to reduce

the wear of flanges on the driving-wheels.

The ability of properlv designed trucks to perform these

functions has been proven by actual practice and universally

acknowledged for all service other than switching at slow speed.
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Numerous trials with a view to dispensing with trucks by using

six- and eight-coupled engines without trucks have resulted in

failure, and hardy indeed would be the man who attempted

to use such engines in freight or passenger road service, not-

withstanding the fact that trucks cost money and have to be

maintained, and although they also add dead weight and lengthen

wheel-bases and increase the distance from the centre of drivers

to the front bumper, just as is correctly charged. But trucks

perform necessary functions which cannot be dispensed with

and because they do so Railroad Companies accept the minor

disadvantages to avoid the greater costs likely to result from

damaged track and tires, and the expense of damages due to

derailments. When locomotives with the same number of driving-

wheels as Moguls, Consolidations and Decapods are recjuired

for service which requires frecjuent or continuous backing, it is

Cjuite common to apply rear trucks in addition, thus making the

engines what are commonly known as " Double-end ten-

wheelers," "Mikadoes " and " Santa Fe Type " locomotives; and

these back trucks prove their worth in spite of the same

objections.

It is frequentlv desirable to place the firebox of a loco-

motive l^ack of, or partially back of the rear driving-wheels,

because of the length of boiler needed to provide sufficient heating

surface or because of the size of drivers and the necessity of

obtaining a deep firebox, thus causing consideral^le overhanging

weight at the back end. In such cases rear truck wheels or

radial trailing wheels are introduced to support the overhanging

firebox. As instances we have the Atlantic and Pacific Type
locomotives.

A little reflection will show that a Mallet locomotive can

ahvays be likened to two rigid t}-pe locomotives placed back

to back insofar as wheel arrangement is concerned, consequently

if any of the conditions above recited apply to one of the com-

ponent engines, whereby it would be advantageous for that

engine to have trucks, it is also in order for the Mallet locomotive

to have trucks, so that the Mallet locomotive may be enabled

to perform the same service equally well and at the same speed.

It is argued that each group of Mallet drivers may be

considered a " truck." This is perfectly true as regards the

first group of drivers leading" the second group into a cuiwe,
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but it is misleading- as applied to the entering group while

taking the cur\e, because the first group has the same rigid

wheel-base and the same weight per wheel as the Mogul and

Consolidation locomotives which have trucks, and so need the

same assistance in curving for precisely the same reasons.

Subsequent experience has shown that proper distribution

of weight can be obtained b\- correctly locating boiler and

boiler bearings whether with or without trucks, and as locomo-

tives have been built for road service w'ith forward truck only

and a firebox 96 inches wide, w^e know that the valve motion

has not been interfered with by the firebox of such engines.

Hence, notwithstanding the increased cost, trucks are just

as essential to the front group of driving-wheels of a Mallet

locomotive when curving forward, to the back group when

Fig. I.

Mallet locomotive, Erie R. R. Built by .American Locomotive Co.

curving backward, or to carrying an overhanging firebox, as

they are in performing similar service for individual locomo-

tives which are similar to those which form a group or unit

in a Mallet engine (Fig. i).

The Mallet locomotives with six pairs of driving-wheels were

hardly in service, and the novelty of their design had not worn

off, before something heavier was demanded. The American

Locomotive Company then built for the Susquehanna Division

of the Erie Railroad several ^Mallet pushing engines with eight

pairs of driving-wheels without trucks. These locomotives were

of the conventional type, weighed in working order 410.000

pounds, and were when built the heaviest engines in the world.

Imt subsequent events have wrested from them that distinction.

The engines which mark an epoch in Mallet .construction

and make the use of the largest articulated engines possible.
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with a minimum chang-e in repair-shop methods are the two

bail*: by the Baldwin Locomotive Works for the Southern Pacific

Railway in 1909 (see illustration facing page 202).

These locomotives had eight pairs of driving-wheels in two

groups, with a two-wheeled truck front and back, and weigh

425.900 pounds in working order with 394,150 pounds on the

drivers. Heretofore ]\lallet locomotives had l^een constructed

with the common type of boiler with extra long flues, whereas

the boilers of these engines are composed of a steam generator

or boiler pro])er, with tubes of normal length; forward of the

front tube-sheet is a combustion chamber. In front of the com-

bustion chamber is a feed water-heater, with at least as many
firetubes passing through it as are in the generator, and ahead

of all is the smokebox. The feed water-heater is kept full of

water at all times ; cold water is forced into it by the injectors,

which in tm"n displaces and forces the water from the heater

into the generator at a temperature much above the boiling-

point. The major portion of scale is deposited in the heater,

and the generator is relieved of scale troubles and also of the

strains and their consequences due to forcing cold water directly

into a boiler.

This arrangement of heeler also made it possible to effect

another vital impro\ement, which is, the division of the engine

into two parts by dividing the boiler at the combustion chamber

and the holding of these two parts together by bolts, joining

two self-centring rings fastened to the combustion chamber.

As the Mallet feature divides the machinery in two it was but

one more step to divide the boiler also. The " units " by means

of the bolts in the connecting rings, the kingbolt, and a few pipe

joints can be either se])arated or joined together in several hours,

and when separated, the indi\'idual halves or units can be

handled in a repair shop with the same facilities rec|u;ired

by the common sizes of locomotives. The importance of

this can only be appreciated by those having to do with

the upkeep of moti\e i)Ower. .\mong the minor improve-

ments embodied in these engines is the use of a single instead

of a double joint l)etween the two engines. I1ie sand-

boxes are placed on the bumper-plate of the forward engine so

that no flexible sand pipes are necessary and instead of using

sight feed lubricators to oil the low-pressure cylinders, precision
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force-puin])s are applied, thus eliminating flexible pipes for that

purpose also. A superheater is installed in the sniokeljox for

reheating- the steam passin,i;" from the high- to the low-j^ressure

cylinders and a Kagonnet p(j\\er reverse was applied to reheve

the engine men of unnecessary ])ln-sical strain due to handling

an engine oi this size, "fhe results (obtained from these engines

have been excellent, both as regards efficiency and economy. Oil

is used for fuel and the engines have shown themselves capable of

developing in serx'ice a horse-power per hour for the equivalent

of 1
-ji pounds of coal.

Service tests by the Railroad Company comparing these

engines with common standard Single Expansion Consolidations

on the same division, as reported in the Railway Age Gazette

January 14, 19 10, show relatixe gains in fax'or of the Mallets as

follows

:

Equivalent evaporation per pound of fuel 7.81 per cent.

'I'on-niiles per gallon of water used for main cyl-

inders 1404 P*-'r cent.

Ton-miles per pound of oil Imrned 22.50 per cent.

Tonnage hauled 1 19.54 P<?r cent.

Although the Mallet engine onlv weighed 104 per cent, more
than the Consohdation, it liaided a train weighing i 19 ])er cent,

more, thus showing its abilit}' to ])rovi(le sufficient steam to

maintain a higher efficiency

An e\idence of the Railroad Company's appreciation of the

work done by these engines is obtained from the fact that an

order for 21 duplicates is now being filled.

For a time the interest in Mallet engines centred largely

in the Xorthwest ; Mr. James J. Hill felt sure he had found

the type of k)comoti\e for his needs and through his foresight

the number of these engines was increased on the Roads domi-

nated by his influence. \\\\.h the return of prosperity the in-

terest spread, aroused by accounts of pioneer accomplishments,

and began to take a definite sha|:)e in all parts of the country.

Mr. .\. Robertson, Ceneral Manager of the Western Maryland
K. K., jjlaced two Mallets of the 2-6-6-2 type (Fig. 2), weighing

342,000 pounds with about 300,000 jxjunds on driving-wheels,

in service near Hagerstown. Maryland. Each of these locomo-

tives replaced two Consolidations as pushers and etlected a saving

per ton-mile of from 30 t(^ ^7y2 per cent, in fuel ami water.
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Furthermore, they have the distinction of being the first Mallet

locomotives in the East, having front and rear trucks, and as a

result of their efficient service additional duplicate engines will

shortly be added to the Company's equipment.

The next engines to mark a stage in the development of

the Mallet locomotives are those recently shipped by the Baldwin

Locomotive Works to the Atchison, Topeka & Santa Fe Rail-

road, one type, 2-8-8-2, for freight service, and a 4-4-6-2 for

passenger service. Not only are these the largest locomotives

ever built, but the passenger engine is the first of the Mallet

type built distinctively for passenger service in this country

(Fig. 3). To the courage of the convictions of Mr. J. W.
Kendrick, Vice-President of the road, is this innovation due.

The freight engine weighs 462,000 pounds with 412,000

Fig. 2.

Mogul Mallet locomotive, Western Marxian! R. R.

pounds on drivers 63 inches in diameter, and the passenger en-

gine weighs 376,000 pounds with 268,000 pounds on drivers 73
inches in diameter. Both of these engines embody in their con-

struction nearly all the features inaugurated by the Southern

Pacific Mallets, and in addition the steam and receiver pipes are

nearlv all encased in the boiler, thus avoiding considerable

condensation.

The Jacobs-Shubert superheater is placed in the combustion

chamber to heat the high-pressure steam before it enters the

high-pressure cylinders, and also to reheat the steam which

exhausts from the high-pressure to the low-pressure cylinders.

Incidentally it may be of interest to know these engines are

equipped with Jacobs-Shubert fireboxes which eliminate the use

of radial stays and side water-space stays. This has no con-

nection other than an incidental one with the Mallet design,



Development of the Mallet Locomotive. 211

as the type of firebox is applicable to the common types of

locomotives.

Some locomotives designed distinctively for road service have

been built with three pairs of driving-wheels and a two-wheeled

truck in the front group and four pairs of drivers without

rear truck in the rear group.

The first of these built for the Alabama Great Southern

Railroad by the Baldwin Locomotive Works is planned on

established lines with the exception that a smokebox reheater

is provided. This engine, which weighs 363,000 pounds with

332,000 pounds on driving-wheels, is designed to haul 1650

tons of cars and lading up 3. 1% per cent, grade in conjunction

Fig. 3.

Consolidation Mallet locomotive, .Atchison, Topeka & Santa Fe Ry. Heaviest locomotive
in the world.

with 6-degree curves and has more than met expectations

(see Fig. 4). Some of the same type locomotives are being

shipped to the Great Northern Railway, which are equipped with

Emerson superheaters designed to heat the high-pressure steam.

It should be borne in mind that engines with this distribution of

wheels are designed to do the bulk of their work running for-

ward and for use where sufficient boiler capacity can be obtained

without lengthening the boiler so that rear truck-wheels will l:>e

required to support it.

Some engines very similar in general design, except with

trailing trucks instead of the rear driving-wheels, are being

built for the Chicago, Burlington & Quincy Railroad (Fig. 5).

Experience with Mallet locomotives has dissipated a number
of fallacies of a minor nature regarding certain details. It was
first thought necessary to provide a double hinge at the centre of

articulation, and also bolts to steady the rear end of the front

engine by flexibly joining them to the front end of the rear

frame (Fig. 6).

Vol. CLXIX, No. loir— 10
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A simpler connection can frequently be used and the frames

of the two engines be made to dove-tail so the front frame

is held in position vertically, but pemiitted to swing horizontally,

thus all twisting strains in the hinge are eliminated. This

simple connection can usually be employed except when it is

not possible or convenient to locate the centre of the joint at

the normal centre of articulation, in which contingency it is

necessary to provide some lateral flexibility which is usually

obtained by means of springs.

It has also been found that some of the ball-joints of the

flexible exhaust and receiver pipes, could be held more uniformly

through the introduction of a spring and this detail has been

accordingly iniproved (Fig. 7).

Fig. 4.

Mallet locomotive, for Alabama Great Southern R. R.

From the first the Baldwin Locomotive Works contended

that no intercepting valve was necessary to supply high-pressure

steam to the low-pressure cylinders. Actual practice has vin-

dicated this stand as an inch or an inch-and-a-quarter pipe,

controlled by a globe-valve, and leading to the receiver-pipe,

supplies all steam necessary for starting or drifting.

A simple reverse gear adapted to locomotive practice by Mr.

Ragonnet has been used to advantage. It can be operated by

either steam or air and will adjust itself to automatically remain

in unison with the controlling lever. No means of reversing

by hand is provided on large Alallets built by the Baldwin Loco-

motive Works, whereas the power reverse in conjunction with

a hand lever is provided by other builders.

The disad\-antages of this latter method, namely, crowding

the cab with a long moving lever, and the risk of injuring some-
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one through an unexpected movement of the lever by power,

more than overbalances the possibility of working the engine by

hand if the power gear should fail.

One important appliance, the superheater, has been inciden-

tally spoken of. We know tliat superheaters are effective in single

expansion engines and we know that Mallet locomotives without

superheaters are efficient. W^e believe that the intelligent applica-
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tion of superheaters will increase the efficiency of the Mallet

engine and the talents of many are turned toward the proper

solution of the problems presented. The advocates of super-
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heaters may be divided into two classes, viz.. those who urge

a high degree of superheat and those who prefer to" only super-

heat sufficiently to ensure the steam remaining dry throughout

the stroke.
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The only superheater of the former type used on Mallet

engines is the " Emerson " which is an extremely simple applica-

tion of the Schmitz design of firetiil^e superheater. This super-

heater is installed in tubes extending through the waist of the

boiler and necessarily makes some change in boiler construction.

The superheater tubes, however, are so arranged that each unit

can be removed without disturbing either of the main steam

pipes to which they are attached. It will further be noted that

the path of the tubes is at all times common to the path of

exhaust gases and cinders. Hence there are no joints to be cut

out or destroyed by the action of the draft.

The Jacobs-Shubert superheater is composed of one or two
steam-drums with firetubes passing through them. This type of

superheater is installed in the smokebox of ordinary type loco-

motives, or in the combustion chamber of smokebox of Mallet

engines. It is of the low-superheat type and has proven very

efificient.

The Vauclain Type of superheater is another design of low-

temperature apparatus ; it is composed of steamtubes heated by

external gases, and enjoys the distinction of being the simplest

superheater yet devised. It practically takes the place of the

smokebox steam-pipes and can be applied either in the smokebox
or the combustion chamber of a Mallet engine without changing

boiler design, and in spite of its simplicity has proven very

effective in practice.

The question regarding the use of superheated steam in

Mallet locomotives relates not only to the type of superheater,

but also to the location of the superheater, and to the stage

in which the steam is to be superheated.

In the single expansion engine the superheater can only be

placed in the smokebox or in the firetubes of the boiler, whereas

in the Mallet engine the superheater may also be placed in an

internal combustion chamber ; and furthermore in a Mallet loco-

motive the steam may be either superheated before entering

the high-pressure cylinders or reheated after leaving it, in which

e\Tnt the superheater is more properly called a reheater.

Mallet engines have been built or are building which in-

dividually embody these different methods of superheating steam,

but experience in the use of such engines has not extended over

sufficient time to definitely state whether or not it is advantageous

to superheat steam before it enters the high-pressure cylinders.
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although it is generall}- admitted, even by those wlio have httle

sympathy with tlie use of superheated steam in the common
types of locomotives, that a reheater between the high- and low-

pressure cylinders is advantageous. This reheater is in some

instances a modification of the Vauclain superheater, it being a

group of sleam-tubes passing through a longitudinal cylindrical

passage in the feed water-heater. These tubes are rolled in

headers which in turn iovm part of the receiver pii^e. Another

arrangement whereb\- hretubes comprise a portion of the receiver

pipe, while passing tiirough the feed water-heater, is designed

but has not yet been tried.

In some instances the use of Mallet locomotives bids fair

to retire from service some of the older types of freight engines

which are still in good working condition. As a remedy for

this contingency it was proposed to use the discarded locomotive

as the back end (jf a Mallet engine, and add to it a front end

or unit. This idea, hrst suggested by Mr. George H. Emerson
of the Great Northern Railway, has been worked out by the

Baldwin Locomotive Works, and the first unit has been built

and a|)i)lie(l to the old engine by the Railroad Company and is

reported as showing excellent results during its preliminary trials.

It will be seen that the development of this idea presents the

means of increasing the efficiency of the common type locomotives

from 60 to 75 per cent.

In the instance under consideration the engine rebuilt was a

Consolidation, and the old boiler, firebox, cylinders, wheels and

frames were used as the high-pressure engine. The lx)iler was

extended by attaching a water-heater and smokebox to the old

smokebox, which in turn became the combustion chamber. The

water-heater and new smokebox were supported by a new frame

with three pairs of driving-wheels, the original tender truck,

pilot and bumper were transferred to the forward end of the new
unit and alterations made in the front end of the old engine

frames to allow the hinge arrangement connecting the two

engines to be applied. Similar units are being built for the

Chicago & Great Western and the luMe Railroad Companies.

All of the foregoing deals with accomplishments of the

past, and we may now turn our attention for a few moments
to the ideas which are in process of development and bid fair

to become actualities.

Just as when the earliest and smallest four-wheeled engines
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were hardly in actixc service lieforc endeavors were afoot to

increase their size and capacity so also was the popularity of

the Mallet loconioti\-e barely established when our attention was

likewise turned to the ])ossibility of providing motive power

still larger and more effective. With this thought in view it

is now proposed to articulate tlie boiler at the combustion cham-

ber, thus avoiding llic lateral overhang of the front end of the

boiler on curves, and ])ermitting the use of a larger boiler without

Fig. 9.

Detail of ball-joint boiler connection.

affecting the stabilitv of the engine. 'J\vo methods by which

this can l)e accomplished have been devised l)y Mr. S. M. \'au-

clain, and .without doubt a trial locomotive embodying one or the

other of these designs will soon be constructed. I'he first and

simplest method is by means of what might be termed a IkMIows-

joint, consisting of a number of thin sheet-rings riveted and

bolted together. At first glance this design seems rather radical,

but when it is remembered that owing to the large numl>er of

rings employed a i6-degree curve can be traversed with an

average deflection of each ring amc^unting to perhaps i 32 of

an inch, the scheme assumes reasonable shape (Fig. 8). The
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principal care of this device would arise from the necessity of

keeping it clean internally.

The alternate method by which this tlexible connection can be

obtained embodies the use of a double ball-joint (Fig. 9). This

latter plan allows greater freedom and motion to the boiler, and

as there should be no difficulty experienced in keeping the joints

l^roperly lubricated the device is entirely feasible. The use of

either of these designs also permits of the use of articulated

engines on sharper curves than those of early Mallet design, and

enables the rigid wheel-bases to be lengthened either because of

larger driving-wheels or an increased number of driving-wheels.

The common types of ^Mallet engines, because of the curves to

be negotiated, are practically limited to four pairs of driving-

FlG. 10.

Latest type of consolidation Mallet locomotive, Southern Pacific Co.

wheels in a set, whereas with the articulated boiler engine five

pairs can be easily arranged for.

The spread of Mallet Type popularity bids fair to overrun

the entire country and has even entered both Mexico and Canada,

as is shown by the following list of roads either using or having

on order Mallet locomotives

:

Baltimore & Ohio ; Denver, Northwestern & Pacific ; Dela-

ware & Hudson ; Boston & Albany ; Denver & Rio Grande

—

from the American Locomotive Company. Great Northern

:

Northern Pacific; Chicago, Burlington & Quincy ; Mexican

Central ; Associated Harriman Lines ; Chicago Great Western ;

Western Maryland ; Carolina, Clinchfield & Ohio : Atchison,

Topeka & Santa Fe ; Alabama Great Southern ; Duluth, Missabe

& Northern ; Caspar Lumber Co. : Booth-Kelley Lumber Co.

;

Eastman, Gardiner & Co. ; Little River Lumber Co. ; and The

Whitney Company—from the Baldwin Locomotive Works.

The Virginian and Norfolk & \\'estern Railroads are having

Mallets built by both Companies, so they may test the relative

values of each builder's work.
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The Canadian Pacific Railway has one engine built by their

shops under the supervision of their Vice-President, Mr. H. H.

Vaughan.

With perlia])s a total of 125 Mallet engines actually at work

in different i)arts of the country, and at least that number now
building, we will doubtless witness, on account of the interest

they command, a number of experimental de\eU>pments from

time to time. Contrary to our preconceived notions of what is

regular, some Mallet locr>motives have been built with the cabs

Fig. I I

.

Relative sizes of locomotives : 1832. 1876. and 1909.

in front so that the engineer has an unobstructed view of the track

and signals; and the tender is placed at the smoke stack end. which

is also the back end of the engine. This arrangement is only

practicable when oil fuel is used, but its ad\antages have already

attracted considerable attention, and the attractive features of

the design in one instance at least bids fair to l)e the means of

changing the fuel used by the Company interested.

\\'^e have in a general wa\- reviewed to date the development

of Mallet engines on our American Railways, and whilst some

details have been changed and improved, even the first Mallet
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locomotives built and in service have proven more efficient than

the types of engines they replaced. We find that wherever con-

tinuous heavy road-service, or heavy pushing-service is required,

vhe ^lallet Compound Articulated locomotive has more than

done what was expected of it. \\> also find it, because of

the articulated features, adapted to lighter work where rigid

wheel-base engines are not practicable. In all heavy service of

a nature which enables an engine to work a considerable portion

of its time to anything like maximum efficiency, we find that in

addition to being more effective than other types of engines,

the Alallet locomotive is by far the most economical design of

locomotive yet devised (Fig. lo). Without doubt its advent has

eliminated the necessity for a time at least of widening the

gauge of our railroads, and has in many instances postponed

the laying of additional tracks because of the reduction in the

number of train movements it makes possible. The progress

of locomotive building is shown by Fig. ii.

Fig. 12.

Mallet passenger locomotive for .Atchison, Topeka and Santa Fe Railroad.

Furthermore the introduction of the Alallet Type of loco-

motive has justified the retention of steam locomotives as motive

power on economical grounds alone where in a number of in-

stances electricity generated bv water power bid fair to invade.

That the solution for a time at least of the apparently insur-

mountable difficulties attending the hauling of heavier trains has

been obtained with practically no change in roadways, is due

primarily to the common-sen.se design of locomoti\'e developed

by Mr. Anatole ]\Iallet, seconded by the untiring energy and

perseverance of the railroad officials, who in conjunction with the

builders of locomotives, had the temerity to give these engines a

fair trial, and so mould their peculiar features to comply witli

modern railroad conditions that their efficiency is no longer

an experiment, but a positive accomplishment (see Fig. 12).
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As various new illuniinants have been placed upon the com-

mercial market the question has arisen as to the relative value

of the light given by them, as an artificial duplicate of daylight.

Such a broad use of the term daylight has led to much dis-

cussion between the advocates of each artificial light source. It

is the purpose of the author to submit results of some investiga-

tions upon which an estimate can be formed as to the com-

parative merits of each of the more common commercial

illuminants.

None of the artificial sources of light which the author has

investigated gives a quality of light which approximates that

of daylight. However, the proper use of those which have

been investigated, with a due consideration as to their defects,

will tend to assist consumer and producer alike in the improve-

ment of present systems of illumination.

The development of civilized man has taken place l>eneath

the light of the sun. It would, therefore, appear that the

standard of light for all purposes should be sunlight and all

of the qualities of this light should apply to the ideal artificial

illuminant. This would be the case if man were to labor chiefly

out-of-doors as did his predecessors; but the requirements of

civilization have been directed tow^ards interior occupation.

It is evident for this reason that any variation from an industry

undertaken beneath the light of the sun might require a varia-

tion in the character of light to be used whether it be natural

or artificial.

Daylight is the only natural light source, while under the

heading ''
artificial illuminants " may be placed all of the light

sources which have been in use since the beginning of time.

At best, daylight is greatly variable, but nevertheless it

223
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has generally been the light to which artificial sources were re-

ferred. It is apparent that this light must have certain fun-

damental characteristics which make it a standard. A standard

of illumination must, however, have certain recjuirements, the

most important of which is constancy. There are so many
varying conditions which affect the light from the sun that no

definite standardization of average daylight has been universally

agreed upon by investigators. Those cjualities, for a standard

unit of illumination, which mark the sun as the ideal illuminant

for the majority of conditions may be classified under the fol-

lowing headings: Intensity, Color value, Direction of rays,

Ability to reveal detail, Adaptability.

These five qualities will be discussed separately.

INTENSITY OF DAYLICxHT ILLUMINATION.

The sun is brightest at noon, i.e., the sun is at its maximum
intensity, when there is the smallest chance for its direct rays

to enter the eye and injure the retina. The eye of man is

naturally protected, by the projection of the forehead, from the

high intensity of the sun's light during the larger portion of

the day. At sunrise and sunset, however, the rays of light

of maximum intensity come in a horizontal direction and are

therefore more liable to injure the delicate interior of the eye.

The usual presence of mist or fog and the greater absorption

due to an additional depth of atmosphere at the horizon decreases

the brilliancy and gives to the light a dilTusion and color tone,

which causes no injurious elTect upon the eye. Although the

principle of a light source varying to meet natural conditions

cannot be applied to artificial illuminants, that of placing the

light source above the range of vision, so that the natural

construction of the eye may be utilized, is immediately appre-

ciated.

The diffusion and reflection obtained in artificially lighted

rooms are far different from the effects obtained with sunlight

or daylight. The height of interiors limits man in employing

to the best advantage the principle of diffusion in planning

artificial illumination.

Actual sunlight which lias been referred to is a quantity

unknown upon the eartli. The source of sunlight is distant

from the surface it illuminates 1)v more than elex'en thousand
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times the diameter of this surface. During the greater portion

of the day ahout fifteen (jr twenty per cent, of the total hght

received from the sun is (hffused dayHght, scattered from finely

divided particles suspended in the intervening space between

sun and earth. If this atmospheric condition were not present,

the sky would be dark and spaces to w^hich the light rays

were not directly admitted would likewise be dark.

The eye will adapt itself to great changes in the intensity

of daylight. A similar relatixe percentage change in brightness

of artificial light sources as now used would however be pro-

hibitive. On account of the fact that the variation in intensity

has but a slight effect upon the ease with which the average

person can work under natural light, there must be some char-

acteristic of daylight which under certain conditions will produce

a much more marked effect upon the human eye than that

previously mentioned. This fact is shown in many industries

where the light used must be uniform in color value if not in

intensity.

COLOR QUALITY OF DAYLIGHT.

Light is radiant energy which in the form of waves of

dift'erent lengths aft"ects the ner\-es composing the retina of

the eye. These waves express themselves as dift'erent colors.

Average daylight or so-called sunlight is a clearer and whiter

light than that from any artificial lighting source thus far

perfected. When allowed to fall upon a prism, however, it is

immediately seen that this white light is composed of seven

visible and easily distinguished colors, namely; red, orange,

yellow, green, blue, indigo and violet in varying proiXDrtions.

These colors are the se\en fundamental or visible spectral colors

which form a part of the total radiation from the sun. This

wave radiation or emission from the sun aft'ects the human sight

only in that portion of the spectrum between the red and blue

limits.

The so-called infra-red and ultra-violet extremes of the

spectrum, which lie on either side of these values of red and

blue, form the larger portion of the radiation from artificial

sources and due to their wave lengths they are lost to view.

It can readily be shown that the most efficient illuminant would
be one in ^\•hich all of the radiati(Mi properly jiroiwrtioned as
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to color would occur between the limits of red and blue and

therefore would be visible.

Fig. I.
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Curves showing proportions of fundamental colors'composing daylight.

Daylight is composed of varying proportions of the seven

visible colors. The greatest variation in the quality of dayligiit

may be attributed to the varying percentages of these funda-
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mental colors. In all forms of daylight a certain relationship

exists between its clitYerent component colors. A relation re-

maining practically the same under most conditions is that the

amount of blue light in nature is maximum while the red is

minimum. Such a relation of the fundamental colors can be

likewise noted in all growths in which the reds are produced

to a less degree while the blues and violets are always apparent.

Other prima,ry colors composing daylight vary in amount be-

tween the two limits. A similar statement is true for all forms

of light radiation whether natural or artificial; in the latter,

however, there does not exist the same proportion of funda-

mental colors as in any form of daylight.

Reference to the table will enable a fuller understanding of

the percentages of the dififerent fundamental colors composing

the visible spectrum of daylight to be obtained.
" Nichols's "^ results for per cent, of color in daylight

—

general averages

:

Wave lengths Lower Higher All
in cm. levels levels levels

Red 725x10-* 5.12 4.14 4.53
Orange 625 9.09 8.48 8.71

Yellow 530 13.71 13-37 1348
Green 460 1950 21.62 20.81

Blue , 420 24.46 26.90 26.08
Violet 390XI0-* 27.93 25.43 26.45

By exhaustive observation it has been found that any color

of light can be duplicated by combining in various quantities

three of the primary or spectral colors, namely, red, green

and blue. In laboratory practice as well as commerciallv by

the process of trichromatic photography, it is shown that color

shades and tones can be correctlv reproduced by the proper

combination of these three instead of the seven colors. This

principle has been embodied in an instrument invented by Mr.

H. E. Ives, and called the " Ives's Colorimeter." It is an

instrument which gives correct percentages of the three primary

colors composing the light from any of the present incandescent

light sources. In this apparatus, the three primary colors of

light are combined by a so-called color mixing device and allowed

to fall on one-half of the field in the instrument, the other half

being illuminated by the source under test.

' Transactions Illuminating Engineering Society, May, 1908.

Vol. CLXIX, No. ion— ii
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By regulating the proportion of the three colors, Dr. H. E.

Ives of the Bureau of Standards has duplicated the color of

average daylight and has likewise made accurate determinations

by this method of the proportions of the three colors comprising

the light from any artificial sources. His results are given in

a paper presented before the Illuminating Engineering Society.

Several other investigators, have likewise made measurements

which show that the value of blue light composing the average

daylight is much in excess of that obtained independently by Dr.

Nichols and reduced to same basis as measurements made with

colorimeter.

As previously stated, and as shown by the curves in Fig. i,

it is readily seen that the proportion of the three colors of light

composing daylight is so variable that a standard for average

daylight would be difficult to obtain. How variable this standard

is, may be more readily appreciated if one compares a series

of colors as seen in the light of a north window with the same

colors as seen at a west window in the light of the late afternoon

sun. Not only do the natural conditions of the atmosphere

produce such great changes in the color value of light, but it

must be recognized also that certain conditions affect this quality

as much or more than atmospheric changes. . The causes of

variation in the color of daylight entering any space may be

tabulated as follows

:

CAUSES INVOLVING THE SKY ALONE.

1. Clear blue sky.

2. Cloudy sky.

3. Overcast sky.

4. Natural conditions due to rain or snow.
5. Natural conditions due to dust or suspended particles.

6. Artificial conditions due to smoke or chemical vapors.

CAUSES INVOLVING THE SURROUNDINGS.

1. Condition and color of surface of ground.
2. Trees, shrubbery, or gardens in proximity.

3. Walls of adjacent buildings.

4. Character of windows or openings for the admission of light.

The color quality of light which enters any given space

may vary in any of the three fundamental colors composing

it as much as twenty to thirty per cent., according to changeable

conditions of atmosphere and surroundings. For this reason, it

can readily be understood that a standard of daylight has not
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yet been obtained to which artificial illuminants may satisfactorily

be compared.

The variations which have been mentioned allow of enough

changes to take place to make daylight of different qualities

unserviceable for some classes of interior work. There are re-

latively few art studios and shops where articles of delicate

color value are sold in which it is possible to make a proper

comparison of colors on all occasions. This is due to the many
varying conditions affecting the quality of daylight which enters.

It is apparent that more consideration should be given to

this characteristic of daylight when it is compared with artificial

illumination. Not only should this condition be taken into

account in art galleries and other locations where the color of

decorations plays an important part in making the sales, but

it should also be considered in home interiors, offices and other

places where the color plays an important part in the harmonious

appearance of surroundings. For instance a man living in a

city should be interested in the color which a neighbor paints his

house, as it greatly afifects the light received through his side

windows. Decorative effects are greatly varied by the con-

dition of the color of the surrounding buildings, etc., to such

an extent that when the sun's light is reflected from a light

colored surface such as a snow-covered ground or a white wall

of a building, a flat indistinct appearance is given to interior

effects. With an exterior ground surface of a soft color tone

from which the light is reflected to an interior, the quality of

light reflected produces a color eft'ect which greatly improves the

interior appearance.

DIRECTION OF RAYS OF LIGHT.

The directional relation of natural light plays a very im-

portant part in the general appearance of any surroundings.

Maximum daylight is usually received in a plane approaching

more nearly the vertical than the horizontal, causing shadows

and high lights to appear in correct proportion.

On the other hand an extremely flat effect would be caused

by a light with almost complete dift'usion, caused in nature both

by the presence of suspended dust particles, clouds and many
reflections from surrounding objects. A very similar effect is

produced when the difference between the lights and shades
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is too highly accentuated as in the case of objects illuminated

by a search-light.

It is seen from this that there is a necessity for directing

light into such locations that there will be sufficient direct as

well as diffused light to make a harmonious shading from high

light to shadows without a marked change from one to the

other. Shadows may be considered by some as unimportant,

because it appears that a person can see almost as well in

diffused sunlight, caused by clouds, as in direct sunlight.

On days when there is no direct sunlight there is con-

siderable shadow but there is a less sharp contrast between

light and shade because of the gradual character of the change.

Were it not that shadows are always present, the work of

the architect would not appear very artistic, particularly in

exterior work. In interiors the numerous windows acting as

light sources cause complex shadow effects, making the problem

of illumination with the proper proportion of light and shades

more difficult. The adoption, however, of the principle of taking

exterior conditions into account, would, no doubt, have a marked
effect.

Shadow depends upon direction of light. If the illumination

of the lower, or less illuminated, portions of an object in day-

light were interchanged with upper or more illuminated portions,

the object would be almost unrecognizable and constitute a

negative picture. Reverse the condition and it at once stands

out in detail. With perfect dift'usion, however, we would have

none of this light and shadow effect, which make an object

plainly visible.

ABILITY TO REVEAL DETAIL.

This question of having the proper direction of light in

order to make objects visible, invisible, or of revealing detail,

has a direct bearing on the question of visual acuity. The
color value of light in making possible fine distinctions of

detail plays a more or less important part in the physiological

effect produced upon the eye. It is found in daylight that a

person doing work which requires a proper consideration for

fine lines and detail will not depend upon the direct light from

the sun but will in all cases seek a diffused illumination. This

mav be obtained in a shadow or from a portion of the sky.
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which is not the brightest. In reading a person will always

prefer the light obtained from a window, which is not receiving

direct rays of the sunlight unless a shade or curtain of some

kind obstructs the direct rays and softens them in intensity and

color value. It is true that different eyes are affected differently.

Some require more light of one quality than others but in the

majority of cases it must be noted that light, for proper pur-

poses of reading or fine distinction, will be within certain limits

of intensity and must likewise be of a certain quality and dif-

fusion to allow the least possible direct light to enter the eyes

of the observer.

In dealing with tlie subject of visual acuity or power of

revealing detail, with lights of different color value, the effect

of large light variation must be considered. Most commercial

sources of light due to slight causes vary so greatly in their

individual characteristic color quality that it is found necessary,

in order to properly designate the best light for given purposes,

to turn to the primary colors and note which is best.

yiost persons find themselves short-sighted for the light

from the blue and violet ends of the spectrum. Patterns, when
illuminated by red, green and blue light show that for the power
of revealing fine detail with an accompanying ease of sight,

the blue and green lights are to be preferred to the red for

short distances. The red, on the other hand, is preferred by

the majority of persons for revealing details at a greater distance.

Keeping this principle in mind, it can readily be seen what an

unsatisfactory aft'ect would be produced if a red or blue-violet

light were to be used for general illumination purposes. The
important requirement for a light is then to be able to distinguish

color values, fine detail, etc., with the proper intensity and direc-

tion, whether it be daylight or artificial light.

The qualities of efficiency and steadiness of light production

apply more directly to artificial sources of light than to that of

daylight. These qualities mav be grouped beneath the heading

of adaptability, inasmuch as all light should be readily adap-

table to meet various requirements.

ADAPTABILITY OF LIGHT.

The light from the sun was primarily used for purposes

of mechanical labor where the necessitv of revealinsr fine de-
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tail, obtaining proper color quality, and intensity, were not re-

quired to such a great degree as they are at the present time.

On account of the requirements wliich have been developed

in the progress of civilization, daylight has failed to answer for

all purposes, due to the fact that our vocations must be pursued

at all times without depending upon daylight. For this reason

the adaptability of all sources of light, including both natural

and artificial, must be given proper consideration.

It has been necessary to use prismatic glass and to adopt an

entirely new construction of building and sky-lights, in order to

use natural daylight for such classes of effort as are generally

undertaken for manufacturing and industrial purposes. It is

true that artificial illuminants must be adapted for more diverse

purposes than daylight. They must likewise be directed in such

a matter as to meet all interior requirements. Practically all

commercial illuminants have been designed with this thought in

mind. The ideal light source, on the other hand, must have

such qualities of color and ability to reveal detail, such in-

tensity and direction of maximum rays, as to make it capable

in all conditions of service to meet certain requirements de-

pending on the conditions surrounding the work for which they

were intended.

Artificial Illuminants.—Having discussed the various char-

acteristics of daylight in comparison to artificial light relative

to the previously mentioned qualities, we shall make a few

direct comparisons. The characteristic qualities of daylight will

be compared with the similar qualities of the following illimii-

nants in an endeavor to determine from the standpoint of adap-

tability which is the best for given conditions

:

1. Carbon treated filament lamp.
2. Carbon untreated filament lamp.

3. Gem metallized filament lamp.

4. Tantalum filament lamp.

5. Tungsten filament lamp.
6. Nernst lamp.

7. Enclosed arc.

8. Upright gas arc.

9. Inverted gas arc.

The light flux of all these lamps was so different that no

attempt was made to determine their candle-powers. The en-

deavor was made to obtain the actual effects of the quality
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of light produced by these sources. The brilHancy of any of

them is so far below that of the sun that the impossibility

of obtaining comparisons in intensity l>et\veen those and the

sun is readily apparent.

In referring to the intensity of the light sources investigated,

the advisability of placing a light source of high intrinsic bril-

liancy a sufficient height above the floor level of any space, in

order to benefit by the principles previously noted regarding the

sun, is self-evident. An alternative, likewise possible, is to re-

duce the intrinsic brilliancy of the source by using glassware of

proper design and intensity to increase the diffusion of light and

to decrease its brilliancy. By the use of this principle, the

necessity of resorting entirely to height in order to produce a

sufficient diffusion of light is eliminated.

The question of the color value of given commercial light

sources is one which has caused more di\erse opinions to be

raised than any other quality of artificial illuminants. All arti-

ficial light sources have a characteristic quality of color which

is apparent from observation. The colors of the illuminants

investigated may be tabulated as follows

:

Designation Color

1. Carbon (new) orange-yellow.
2. Carbon (seasoned) yellow.

3. Carbon metallized (new) pale-yellow.

4. Carbon metallized (seasoned) yellow.

5. Tantalum (new) yellow-white.
6. Tantalum (seasoned) lemon-yellow.

7. Tungsten (new) cream-white.
8. Tungsten (seasoned) yellow-white.

9. Nernst Lamp (new glower) pale-lemon-yellow.
10. Nernst Lamp (seasoned glower) deep-lemon-yellow.
11. Enclosed Arc (opal outer, clear inner globe) bluish-white.

12. Gas Arc, upright (new mantle) pale-greenish-white.

13. Gas Arc, upright (seasoned mantle) pale-greenish-yellow.

The colors of these sources are not readily apparent when
used for general illumination purposes. Nevertheless, when a

given series of colors is viewed beneath the light from any one

of them which in each case is compared to the similar result

under daylight illumination, it is evident that the effects produced

vary a great deal from the true color values as seen under day-

light illumination.

Color photographs taken under constant conditions of ex-

posure, intensity of illumination, and direction of light upon

plates employing the principle of the Lumiere Auto-chrome proc-
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ess of color photography show that none of the artificial light

sources obtain results equal to the daylight effect, but the best
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of illuminants can be selected by the correctness with which they

produce the daylight effect.

Another series of photographs, taken under similar condi-

tions, show what a great effect the color quality of light has
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upon interior decorations, the most delicate of which may be

ilhistrated by the colors of natural flowers.

The colors which compose the given color of light from each

of the various sources used for these photographs can be seen

from the curves in Fig. 2.

The true importance of obtaining the best form of illuminant

in order to give the most desirable and attractive results for

all classes of service may be observed when a comparison is

made between the color effects produced by carbon and tungsten

illumination in comparison with that of daylight. The results

show that a surprising advance has been made in the incandescent

lamp industry in the endeavor to obtain a type of lighting unit

which would cause objects to appear more nearly natural

under artificial illumination.

Not only for store lighting but likewise for residence light-

ing the production of the proper color values and of the proper

intensity and direction of light to give a pleasant appearance to

interiors should be the general aim for all users of artificial

light. Not only from the standpoint of the merchant but like-

wise from that of the architect, the interior decorator and

furnisher, there is necessity for obtaining the best means to

advance his efforts in artistic lines. This view should not be

limited to mere financial ends for the use of light, but a lasting

benefit should be gained by improving the standards for all

classes of human eftort in art and decoration as well as com-

mercialism.

It has been shown that from the standpoint of direction

of light there must be, for satisfactory illumination, not a com-

plete diffusion but a balance giving the proper proportion of

light and shade.

In order to obtain a determination of how different interior

decorations are affected by the use of light of varied color

quality, the effect accentuated to a certain degree may be ob-

served by projecting on a colored curtain the three primary

colors of light—red, green, and blue. If the colors on the cur-

tain and the primarx- colors of directed light were pure or free

from a combination of color pigments forming them, those

lines which were not illuminated by a light of" a corresponding

color quality, would appear black. This is easily appreciated

:

for the color which is seen, is only the impression received

upon the retina of the eve bv wave lengths of light which have
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not been lost by absorption after falling on the colored surface.

The necessity for obtaining a proper proportion of colors form-
ing the light flux emitted from an ideal artificial light source,

Fig. 3.
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whether alone or with the aid of glassware, is apparent. This

proportion might not be that of daylight, but the colors com-

posing the ideal light source should be such that there would
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be an equal or equivalent i)ercentage of each of the fundamental

colors.

A question has arisen among the users of light as to the

actual effect of raising or lowering the voltage impressed upon

an incandescent lamp. In changing the intensity and especially

the color value of such an illuminant. By means of the colori-

meter the effect of voltage on green, and the effect of voltage

on red (curves, Fig. 3) were taken with the red 100 per

cent, in each case, to show what the variation in the green

and red fundamental colors would be. The closer approach to

the value obtained with the daylight value shown by the base

line in each case of the tungsten lamp in comparison to the other

incandescent light sources is very marked. Another detail not

to be overlooked is that all of the electric incandescent lamps

tend more nearly tow^ard the daylight value as the voltage is

increased above its normal value.

It is evident that the aesthetic tastes are sometimes api>ealed

to by an incorrect use of illumination, in order to impress the

observer with the beauty of surroundings. A more useful result

would however be obtained by making the most practical efforts

to impress the user of artificial light with the necessity for

living and working to his Ijest advantage under conditions re-

quiring the use of artificial light. Owing to the inability of

natural light to meet our modern requirements for constancy

of intensity, color value, etc., it is obvious that artificial light

sources correctly applied must be adopted.

It has been shown that some of the investigated sources

are better for one condition of service than are others and it

must be concluded that the best artificial illuminant upon the

commercial market at present is that which is adaptable to the

largest numl)er of classes of service, providing that it maintains

a -high standard of the afore-mentioned qualities of light.

The importance of obtaining- the best possible illumination

can be better appreciated when it is considered that, at the present

time as never i>efore. there is in the minds of most people a

broader comprehension of what constitutes good illumination.

The five qualities of the ideal lighting source should not be

overlooked, for many thousands of dollars are spent annually

on the production of pleasing lighting effects. If these can be

improved and the art of illumination placeil upon a higher plane,

we are eft'ecting material progress.



SECTIONS

(Abstracts of Proceedings of Stated Meetings.)

Section of Photography and Microscopy.—Regular meeting held in the

Lecture Room of the Institute on January 27, 1910, at 8 p.m. Dr. Henry
Leffmann, President of the Section, in the Chair. J. W. Ridpath, Secretary

of the meeting. Eighty-five members and visitors were present.

The room looked unusually cheerful and inviting, owing to the installa-

tion of a new system of lighting.

The reading of the minutes was dispensed with, and the Chairman intro-

duced Mr. Charles Pancoast, of the Photographic Society of Philadelphia,

who in a very pleasing manner, delivered an instructive lecture upon the

Making of Lantern Slides. He preferred the use of artificial light because

of its easy control and advised the novice to confine himself to one make of

plate, and to one formula and strength of developer, varying his exposure ac-

cording to the density of the negative, which should be sharp and full of detail.

The lecture was illustrated by many excellent and beautiful slides, some of

which were hand-colored.
Dr. Leffmann exhibited one slide, showing a section of granite, photo-

graphed with a color-screen, excluding the yellow and orange rays of light.

Mr. L. Koch exhibited eleven miscellaneous slides, some being colored,

to show what an amateur with limited facilities could do.

The subject was discussed by Dr. Leftmann, E. H. Sanborn, and others.

The thanks of the section were extended to Mr. Pancoast.

At 9.20 P.M. the meeting adjourned.

J. W. Ridpath,
Secretary.

Mechanical and Engineering Section.—A meeting of the Section was
held Thursday, Februaiy 3, 1910, at eight o'clock in the evening. Present,

55 members and visitors. In the absence of the Chairman, Dr. E. Goldsmith
called the meeting to order. The minutes of the previous meeting were
read and approved. The Chairman then introduced Mr. Samuel Lichtman,
who read an interesting paper on " Modern Heavy Gims." The subject was
illustrated by lantern slides, projectiles, powders, fuses, etc. After brief

discussion a vote of thanks was tendered the speaker and the meeting
adjourned.

Alfred Rigling,
Acting Secretary.

Electrical Section.—A stated meeting of the Electrical Section was held

on February 10, 1910. President, Thomas Spencer, in the Chair.

The regular business of the meeting was transacted and a paper on
" Electric Heating," illustrated by Mr. W. S. Hadaway, Jr., of the Westing-
house Electric and Manufacturing Co., Pittsburg, Pa., was delivered.

The remarks of the speaker dealt with the progress made in design of
electric heating equipments and showed the tendency towards making direct

application of the heat units to the work and brought out strongly the
simplicity with which various equipments could be designed and constructed.
Historical sketch of the progress in electric heating was also mentioned.

238



Notes axd Comments. 239

The paper was referred to the Committee on Publication and a vote of

thanks tendered the speaker.

There being no further business, the meeting adjourned.
Richard L. Binder,

Secretary.

A meeting of the Electrical Section was held February 17, 1910, at eight

o'clock in the evening. Present, 43 members and visitors. Mr. Thomas
Spencer in the Chair. After the reading of the minutes, the Chairman intro-

duced Mr. Carl P. Nachod, who read a paper on " Electric Railway Signals."

The subject was illustrated by means of lantern slides and a working model.

After a general review of railway signaling, the speaker described the system
of the Nachod Signal Company, which is designed for electric railways.

At the close of the address a vote of thanks was extended to the speaker
for his paper and the subject was referred to the Committee on Publications.

Alfred Riglixg,
Acting Secretary.

Section of Photography and Microscopy.—Stated meeting held February
24, 1910, at eight o'clock this evening. Dr. Henry Leffmann in the Chair.

Present, about 50 members and visitors.

The first contribution of the evening was a five-minute address on
" Photographic Developers," by Mr. John Bartlett, Editor of the Bulletin of
Photography. This was followed by two communications from Mr. Reuben
Haines, relating his experience with various kinds of developers.

The programme then provided for a series of remarks by persons selected

for the purpose and the subject was afterward open for general discussion.

Mr. Alfred Holden was the first of these speakers. He gave briefly his

experience, of 35 years, with the various kinds of developers as they appeared
in the market, and described the ways in which he used them and with
which he had gotten the best and most satisfactory results, his preference
for most work being pyro.

Dr. LefTmann spoke on the various kinds of developers, especially the
recently introduced coal-tar products, and some of his experiences with them

;

the recent discoveries in color photography and some of his experiments in

this line.

Rontgen-ray photography and developers were discussed by Mr. H.
Clyde Snook and Mr. Alfred Holden.

Mr. S. Hudson Chapman spoke of the development of moving picture
films and other negatives.

The following gentlemen took part in the general discussion : Messrs.
Leffmann, Bartlett, Holden, Snook, Ridpath, Chapman, and others.

The meeting adjourned at 8.50 p.m.

J. W. RiDI'.VTH.

Sccrctarw

NEW USE FOR AN OLD GUN.

With a view to standardizing explosive compounds, such as dynamite
for example, the technological branch of the L'nited States Geological Survey
has recently been making some ingenious experiments. The most important
feature of the contrivance employed for the purpose is a big mortar, formerly
in use in the fortifications defending New York Harbor, at Sandy Hook.
The explosive is set off in the mortar, which is suspended from above
on a huge knife-edge. The shock of the discharge causes the gun to

swing and the distance through which it sways is accurately measured by
an automatic device, determining the energy- developed. {Technical World
Magazine.)



FRANKLIN INSTITUTE

(Proceedings of stated meeting, held Wednesday evening, February i6, igio.)

Hall of the Fraxklin Institute,
Philadelphia, February 16, 1910.

President Walton Clark in the Chair.

The stated meeting of the Institute was held this evening at eight o'clock.

The minutes of the previous meeting were read and approved.
Additions to membership since last report, 3.

The report of the tellers indicated that 138 votes were cast on the

question of the amendments to the By-Laws ; of these 132 were in favor of

the proposed changes. The amendments were therefore declared adopted.
The President announced the following standing committees for the

current year

:

Committee on Library.—Edwin S. Balch, W. H. Gartley, Richard W.
Gilpin, Lewis M. Haupt, H. F. Keller, Henry LefYmann, Louis E. Levy,
Edward S. Miles, C. E. Ronaldson, Geo. F. Stradling.

Committee on Meetings.—James S. Rogers, James Christie, Kern Dodge,

J. Logan Fitts, Lewis M. Haupt, Coleman Sellers, Washington Jones, J. Y.
McConnell, Paul Thompson, W. J. Williams.

Committee on Museum.—A. E. Outerbridge, Jr., William H. Thome,
A. A. Blair, F. A. Gcnth, Jr., W. H. Greene, Edwin J. Houston, E. V.
d'lnvilliers, Arthur J. Rowland, George A. Hoadley, L. F. Rondinella.

The paper of the evening was presented by Mr. Grafton Greenough on
the " Development of the Mallet Locomotive " and was fully illustrated by
lantern slides. At the close of the address a vote of thanks was tendered
the speaker and the subject was referred for publication. Adjourned.

James Christie,
Secretary.

NATURAL GAS IN ONTARIO.
CANADIAN TOWNS UTILIZING IT FOR LIGHT AND FUEL.

On November i natural gas was turned into the mains and service

pipes of the Windsor Gas Company, which before had been used to supply

the city with artificial gas. The natural gas is piped from the Tilbury
fields, 40 miles northeast of the city. Only the gas used for illuminating

is purified, and this is done by individual purifiers placed on the premises
of each consumer. For fuel the gas is used in its natural state. With
few exceptions this gas will be used by the people for fuel purposes, but

its use is not so general for illuminating, many preferring, even at greater

cost, electricity for this purpose. The price charged for natural gas is

25 cents in the winter and 30 cents in the summer months per 1000 feet.

Experts declare that developments in this field show a supply that can not
be exhausted in less than twenty years. (Consular Report.)
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COMMITTEE ON SCIENCE AND
THE ARTS

(Abstract from proceedings of the stated meeting held Wednesday, Feb-
ruary 2, IQIO.)

Hall of the Franklin Institute,
Philadelphia, February 2, 1910.

Mr. J. Y. McConxell in the Chair.

The following reports were presented for final action

:

(No. 2464.) Rushton Trailing Truck for Locomotives. (Adopted, Long-
streth Award.)

(No. 2473.) The Underwood Typewriter. (Adopted, Elliott Cresson
Award.) R.

MINUTE ON THE DEATH OF PROF. MASCART.

The Board of Managers of the Franklin Institute takes cognizance of the
demise of

Professeur Eleuthere £lie Nicolas Mascart

an Honorary Member of this Institute to whose varied and indefatigable
labors the world is indebted for a large extension of our knowledge of the
Phj'sical Sciences and of their application in the several branches of Optics,
Electricity and Meteorolog>-. His researches in spectroscopic phenomena,
dating almost from the inception of that science, greatly furthered its advance-
ment and his investigations of meteorologic phenomena contributed data
of permanent importance.

Professor Mascart's services in the determination of electrical units,

from the beginning of the international movement for that purpose at the
Congress of Electricity at the Paris Exposition of 1881, through all its

subsequent developments at the Congresses in Paris in 1884 and 1889; in

Chicago in 1893; Paris, 1900; and St. Louis in 1904, have permanently linked
this name with the progress of electrical science and it was

Resolved, That the Board enters this minute in its records as a tribute

to the memory of an honored member of the Institute and that the same
be published in the Journal.
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BOOK NOTICES

Summary of Alloys—The Employment of Physical Chemistry in
MetALLOGRAPH IE. By Dr. Ernst Janecke. 39 pages 1054 x yY^ inches,
20 illustrations. Hanover, 1909.

It is only of comparatively recent date that the study of metallic
alloys has been pursued by rational methods that permit a satisfactory
analysis of the more complicated metallic solutions. The author's purpose
in compiling this summary is to present the latest progress in the art
and to collect as completely as possible a bibliography of the latest
investigations. L. E. P.

La Theorie des Courants Alternatifs. Par Alexandre Russell, M.A.,
M.I.E.E., Traduit de I'Anglais par G. Seligman-Lui, ancien eleve de
rficole Polytechnique. Inspecteur general des Telegraphes. Volume i.

551 pages, 9x6 inches, 209 figures. Price, paper, 18 francs. Gauthier-
Villars, Paris, 1910.

The first volume treating the theoretical elements was noticed in the
November issue. The second completes this extensive study by a detailed
account of the many applications in practical service of alternating currents,
the problems involved and the methods and apparatus used in this increas-
ingly useful method of distributing electrical energy. L. E. P.

Congre's International des Applications de l'Electricite Marseille, 1908.

Three volumes 9x6 inches, paper, edited by H. Armagnat. Part I,

Rapports Preliminaires, vi + 709 pages, with many figures. Price, paper
24 francs. Part II, Rapports Preliminaires, iv + 784 pages with many
figures. Price, paper 24 francs. Part III, Organization du Congres,
iv + 550 pages with figures and plates. Price, paper 20 francs. The set

of three volumes, paper, price 60 francs.

The Commissioners General of the Electrical Exposition, held at Mar-
seilles in 1908, in deciding upon the character of a congress for the convening
of which the exposition offered a most fitting occasion, were mindful that

previous international congresses, since the one in Paris in 1881, had favored
questions of theory rather than those of practice. They accordingly, decided
to devote the discussions of the congress to industrial and economic applica-

tions of electricity.

The first two volumes contain no less than fifty distinct papers upon the

commercial applications of electricity, among which may be mentioned,

—

crossings for electric power lines; accidents from transmission lines and
means of educating the public with view to their prevention ; insulators

;

construction of transmission lines ; electric traction ; electro-chemistry. The
third volume contains an account of the organization of the congress and
its rules and a number of supplementary papers discussing the topics presented

in the previous volumes.
The number, diversity, and character of these papers constitute a most

valuable contribution on recent practice and progress in electrical engineering.
L. E. P.
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CURRENT TOPICS

WAVE vs. SHIP. Time was, not so very long ago, when the

sea was undisputed master of the ship and whenever Neptune
saw fit to send his league-long rollers across the deep, the

proudest ship of the day must needs stop at his bidding, if

she did not indeed turn and run before the fury of the blast.

Of late years man has so multiplied horsepower and has applied

so many ingenious contrivances for speed and strength and
safety that Neptune must have foreseen the humiliating day
when he could no longer hold the destinies of the bold sea

voyager in his hand and no longer say to him " Thus far. and
thus slowly shalt thou go."

It was reserved for the steam turbine to supply the last

mechanical device which was to give man the complete victor)'

in his age-long struggle with the elements. In the combina-
tion of size and strength and power afforded by the latest

turbine liners there has been developed a ship with the ability

to drive at full speed and all day long into the heaviest seas

that the stormy North Atlantic could pile across her path.

Some two winters ago the " Lusitania " in weather which
varied from a gale to a full hurricane averaged for 24 hours

a speed between 26 and 27 land miles an hour. During that

tremendous struggle ten-ton anchors were shifted and steel

derrick booms were swung athwart-ship and twisted as if

they were no stouter than a boy's tin whistle. Yet the ship

steamed into port practically intact and with not a rivet started

in the whole fabric of her hull.

On the night in question the glass windows in the pilot-

house had been lowered, and the storm windows of solid wood,
with a small, heavy glass port-light in the centre, had been

raised. The stern of the vessel was lifting high on a receding

sea, and the forecastle was awash, when a wave of gigantic

proportions loomed up at the bow. This wave must have been

some 35 feet high measured from the trough. The ship was
running at half speed and met the sea with a speed of from
12 to 13 knots. When the mass struck the breastworks and
pilot-house, every one of the stout wooden storm windows
was burst in, and the heavy steel framing between the windows
was forced several inches into the pilot-house. The quarter-

master was borne back against the Inilkiiead behind, carrying

in his hands the wheel which was torn from its standard. At
least 4000 tons of water must have been swept over the fore-

castle deck, and the momentum was sufficient to crush the fore-

tie deck and the three decks below a few inches down into
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the body of the ship, leaving them with a permanent set. Evi-

dence of the enormous stresses to which the ship was subjected

is afforded by the stanchions and soHd steel bulkheads below
the deck, which buckled out of the vertical as they yielded be-

neath the load above. We are inclined to agree with her
captain that many smaller and less stoutly built ships, which
have disappeared utterly at sea, may have been sent to the

bottom by the crushing in of their decks under so-called " tidal-

waves '" of these dimensions. (Sci. Am., Jan. 29, 1910.)

A THUXDERSTORM OBSERVATORY has been established in

Spain by Senor G. J. de Guillen Garcia in which atmospheric
discharges, both local and distant, are detected graphically and
acoustically. A wireless telegraph instrument is used for this

purpose, because each lightning discharge is accompanied by
electro-magnetic waves similar to those used in wireless telegra-

phy. If there is a storm anywhere within a radius of 500 miles,

the observer is notified by the recording instrument. As all baro-
metric depressions that pass over Western Europe come from
the Atlantic Ocean, the new observatory gives meteorologists

due warning of the approaching disturbance. By noting the

intensity of the sounds produced in the receiver and observing
whether they grow more distinct or less, it is possible to deter-

mine the approximate course of the storm. (Sci. Am., Jan. 29,

1910.)

THE IXVESTIGATIOX OE THE SPECTRA of the planets,

which was begun at Lowell Observatory in 1902, has been
continued. V. M. Slipher found a combination of dyes which
renders the sensitiveness of the commercial dry plate fairly

uniform into the red as far as to wave-length 7000, beyond
which point it drops rapidly, but is sufficient at A to record

that line faintly in the prismatic Solar spectrum. With the

aid of this plate, the spectra of Jupiter, Saturn, Uranus and
Xeptune have now been photographed with greater extension

into the red than any previous photographic or visual observa-

tions, and a number of lines and bands have been discovered.

(Sci. Am., Jan. 29, 1910.)

AX ELECTRICALLY HEATED HOUSE. At a recent meeting

of the X". Y. Electrical Society one of the speakers referred to a

certain house that had been designed to be heated and lighted by
electricity alone. The house contains no chimneys, stoves or

coal storage room, and the saving in these requirements of the

usual coal-heating system was sufficient to pay for the entire

electrical installation. In regions where coal is dear and water

power plentiful, electric heating and lighting is no doubt more
economical than coal heating. (Sci. Am., Jan. 29, 19 10.)
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THE MOON AND RADIO-ACTIVITY. M. Paul Besson made
experiments in the summer of 1908 and 1909 which showed that

the variation in the activity of mineral water varied with the

atmospheric pressure, being' highest when the pressure lowered.

Other observers have noted the same fact. But he noticed other

variations which were unaccounted for, and thought they might
be due to the tidal movement of the earth's crust. The author's

observations lead to the following conclusions : As regards
atmospheric pressure alone, for a one hour's test which is

constant with relation to the moon's passage at the meridian,
and thus excluding the moon's influence, the radio-activity in-

creases when the atmospheric pressure decreases. As to the
influence of the moon, he finds that at a constant barometric
pressure, the activity is maximum for the passage of the moon
at the meridian and minimum for the passage at the other side.

Should it be found that the moon's movement caused changes
in the radio-activity of the air, we would have the proof that

the moon has an influence on the changes of the weather,
according to the popular belief, this being caused by multiplying
or lessening the centres of condensation of water vapor, outside

of air pressure effects and others. (Sci. Am., Jan. 29, 1910.)

MONEL METAL CASTINGS. The making of monel metal cast-

ings is now past the experimental stage and is being success-

fully accomplished in at least three foundries in New York and
New Jersey. This non-corrosive alloy was recently introduced
by the Orford Copper Co. Its composition is approximately
68 per cent, nickel, 1.5 per cent, iron and the remainder copper,

these being the proportions in which the elements exist in the

ore. On account of the large proportion of copper it was
unprofitable to work the ore for the production of nickel, but
it was discovered that the smelted but unrefined metal gave an
alloy of considerable value. It is tough and strong, much the

same as nickel in appearance, with a softer and more attractive

color.

It has been used extensively for sheets. The first success

in making castings was made by Isaac G. Johnson & Co. at

Spuyten Duyvil, N. Y. They produce boat propeller wheels,

rudders, centre-boards, deck fittings, water ends of pumps,
linings, valves, plumbing fixtures, shafts, piston-rods, valve
stands, crank-shafts, pipe connections, forgings and so forth.

(Iron Age, Jan. 20. 1910.)

THE NEW YORK AUTOMOBILE SHOWS. From the two
annual automobile shows, one held at the Grand Central Palace
and the other in }yIadison Square Garden, it is evident that

automobile design and construction have become practically

standardized. The most prominent changes in the 1910 models
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were more luxurious bodies, refinements in the details of

mechanism tending to higher efficiency, the use of longer

chassis and larger wheels.

It has been predicted that automobiles would become cheaper

as the number of manufacturers increased. This prophecy
has been partially fulfilled, but it would appear that substantial,

reliable machines have nearly reached the minimum limit of

cost. The cheapest car at the Palace show was $485, at the

Garden show the Flanders runabout was $750. The highest

priced cars were $6500 at the Palace show and $7500 at the

Garden. This year most makers have somewhat advanced
their prices, but there is generally a more complete equipment

furnished, such as a magneto, gas tank, gas lamp, rumble seat,

larger tires or a more powerful motor.

The Torpedo body is one of the newer types. This form
lessens the wind resistance, raises less dust, and afifords greater

comfort particularly through the longer wheel base now gener-

ally provided. The largest car was a Thomas, carrying eight

passengers. Numerous cars carrying five, six and seven pas-

sengers were on exhibition. More commercial vehicles were
shown than ever before, the largest being of five tons capacity.

The American-La France Fire Engine Co. of Elmira, N. Y.,

exhibited a heavy commercial truck to which the Manly
hydraulic transmission has been applied. The essential features

are a pump with three radiating cylinders driven directly by the

engine and two motors of similar construction to drive the two
rear wheels. The motors and pump are connected by a closed

circulating piping system, the discharge from the pump being

passed through the motors and returned. The pump is

arranged to give variable stroke, so that running at constant

rotative speed, the volume of its discharge may be varied from
zero to maximum, giving corresponding speeds to the motors
and in either direction. With the pump set to give no discharge

the motors are positively held and constitute in themselves the

brake. In addition to the steering wheel there is but one lever

with which the operator is concerned ; this gives variable speeds,

forward and reverse, with a continuous range, i.e., not by
steps. When the speed is set at zero the machine is held even

on a very considerable incline. The importance of such a

simple control on a heavy truck can hardly be exaggerated, as

an ordinary truck driver and not necessarily a trained chauffeur

is competent to handle it.

As compared with foreign makes, American cars are con-

spicuous for the absence of sloping bonnets. Tlie construction of

the frames is of steel of channel sections and the frames are

heavier and stiffer than in previous years. Many of the makers

are furnishing wheels with demountable rims, so that spare

tires may be carried inflated and substituted for punctured ones
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very quickly without deflating. Several furnish detachable tires

as well as demountable rims. {Iron Age, Jan. 20, 1910.)

THE LIBRARY OF THE ASSYRIAN KING, SARDANAPA-
LUS. During the past fifty years twenty thousand stone
tablets, approximately, of the library of Sardanapalus, the
Assyrian King, were found in the excavations among the ruins
of Nineveh and taken to London. The texts written on them,
which are apparently related to one another, are now published
in their original cuneiform script by the British Museum in

serial collections. Various savants of the whole world have
therefore an opportunity for further investigation of the texts
relating to their special province. In the fourteenth collection

are assembled those tablets which regard chiefly the objects
of the three natural kingdoms. Obviously many of these lists

were prepared for purposes of medication.

For this reason a prominent physician, Baron Oefele.
assisted by noted scholars in cuneiform script, among them
Prof. Zimmern of Leipzig, examined this collection. Apart
from the many lists which mention minerals, the numerous
lists of animals are mostly of a uniform kind. The names of
animals are arranged in two columns, the first column in

Sumerian and the second column in Accadian, i.e., in

Babylonian.

Far more interesting than the zoological lists are the botani-
cal lists, which are very numerous, and which give the most
various directions to acquaint the aspiring physician with the
effect and use of hundreds of medicinal plants. This fact may
suffice to show that among the old Babylonians the knowledge
of the natural sciences was already far greater than among
their successors, the Greeks and the Romans, whose names for
animals and plants, it is manifest, have been derived partly from
the Babylonian language. (Sei. Am., Feb. 5, 1910.)

TUNGSTEN-STEEL BAR. A German manufacturer states, in
StaJil iiiid Risen, that he has succeeded in making satisfactory
high-speed steels with powdered ferro-tungsten. The steel

contains 0.85 per cent, of tungsten, 0.45 per cent, silicon, 0.45
•per cent, manganese. 0.30 per cent, carbon, 0.25 per cent,

aluminum, calcium and magnesium. 'and o.oi per cent, sulphur.
The powdered ferro-tungsten alloys more readily than tungsten
metal, and there is less segregation and piping. (Sci. Ant., Feb.
5, 1910.)

THE HOYT MULTI-CIRCUIT VOLTMETRE, This voltmetre
is constructed on the D'Arsonal principle, dependent on the
fact that a permanent magnet furnishes a strong magnetic
field within the poles of whicli a coil, centrally pivoted and
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acting against a spring control, is rotated by an electric current

passed through its windings.

The improvements claimed in these instruments are : that

the pole pieces are formed in heavy, specially constructed dies,

securing mechanical uniformity at a low cost ; and the magnet
and pole pieces are supported on a one-piece, die-formed angle

plate which also secures the complete system to the containing

case, and assures a rigidity that cannot be equalled by any other

means.
This method of support is unique. The pivots are securely

riveted to the inner surface of the aluminum frame on which
the wire is wound, and specially designed screws, carrying the

jewels, are recessed into the iron core around which the coil

rotates. Thus the coil rests on the top jewel, and is centrally

guided by the bottom jewel. A metal finger carrying one end
of the controlling spring is securely attached to the outside

surface of the aluminum frame, and upon this is wound the

wire which carries the current. The other end of the con-

trolling spring is attached to an arm insulated from the plate

which supports the pole pieces.

By means of this construction zero errors can be readily

corrected without any danger of changing the adjustment of

the bearings. This voltmetre is made in two sizes, the six-inch

with a capacity of six, and the eight-inch for fourteen lamps.

They are also made in pocket, portable and switchboard styles.

{The Metal Industry of Dec, 1909.)

A METALLIC ALLOY, as a solder for aluminum has been pat-

ented by Gaza Hartmann, assignor to Hartmann Aluminum
Solder Co., New York.

This alloy contains tin, aluminum, nickel and metallic mag-
nesium, and the best result is obtained when metals of the

quality known in the arts as pure are mixed in the following

proportions

:

Tin 800
Aluminum 170
Nickel 7
Magnesium 23

1000

{The Metal Industry of Dec, 1909.)

AN EXPERIMENTAL ROAD has been constructed at Truro,

which it is claimed has the merits of being resilient, mud and

dust proof, noiseless, and requires no removal of the old sur-

face. It is made by spiking down on the roadway sheets of

expanded steel, similar to those so largely used for the rein-
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forcement of concrete, and laying over them, to a depth of two
inches, ordinary road material treated with coal tar, and rolling

well in. {Sci. Am., Feb. 5, 1910.)

ELECTRIC POWER is furnished to Helsingore, Denmark, from
Sweden by a cable under the narrow sea separating the two
countries. The power is generated at a 300 ft. fall of the

river Laga in Sweden, and is conducted to the coast by a

cable which connects with a submarine cable three miles long.

The transmission of power by means of a submarine cable is

quite unusual. {Sci. Am., Feb. 5, 1910.)

TITANIUM ARC, by W. S. Weedon. Of a large number of

substances examined as to their suitability for arc-lamp elec-

trodes, none was found to give so high an efficiency in candle

power per watt as materials containing titanium. A titanium

flame arc can be produced by using a titanium carbide cathode
and a copper anode. To prepare the electrodes, finely pow-
dered titanium carbide is mixed to a plastic mass with oil or

glycerin and then extruded through a nozzle. The sticks thus

obtained are cut into suitable lengths, dried first at the ordinary
temperature and then in a gas oven, then fired at a high
temperature in a carbon tube electric furnace. The tempera-
ture must not be too high or the finished electrodes may be
brittle. The arc is usually produced with direct current, but

under certain conditions, alternating current may be employed.
The efficiency of the arc increases with increase of current

density and of the length of the arc. With an arc length of i

inch and a current of 3 amperes at 103 volts, 0.228 watt is

consumed per horizontal candle power. At 2.87 amperes
and 95 volts the powei consumption is 0.51 watt per mean
spherical candle-power, and 0.37 watt per mean hemi-spherical

candle-power. The arcs are operated most satisfactorily on a

constant current circuit rather than on a low-voltage multiple

circuit. A titanium arc may also be produced with a cathode
of titanium suboxide produced by the reduction of rutile in an

electric furnace. The character of the arc is almost identical

with that of the arc produced with titanium carbide, but the

efficiency is higher and the light much steadier. There are,

however, the disadvantages that large troublesome deposits

are liable to be formed on the anode, and that the titanium

suboxide cathode is consumed fairly rapidly. The titanium

suboxide can be operated with the direct current only. (Elcc-

tro-CJicmical and Metal Industry.)

SULPHURIC ACID FROM GYPSUM. Gypsum is readily de-

composed when intimately mixed with sand or silica and
strongly heated, a mixture of sulphur dioxide, oxygen and
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water being evolved; the small proportion of iron oxide in

ordinary or sea sand acts catalytically and hastens decomposi-

tion. From the gases evolved sulphuric acid may be obtained

bv the contact process, and from the purity of the product and

the fact that the residue may be utilized for making glass, it

is considered that gypsum could possibly compete as a raw
material for sulphuric acid manufacture in localities where
gvpsum is plentiful but pyrites scarce. {Journal of the Society

of Che in. Industry.)

TEST FOR FUMING SULPHURIC ACID. The old method
of testing by titrating with a normal alkali solution is not

considered satisfactory for regular technical use by the

foreman of an acid works, because a very slight error in the

strength of the solution or in the quantities of the materials

used causes a serious error in the percentage of free sulphuric

anhydride. Unless titrations are made by the chemist it was
extremely difficult to get concordant results. As it is not prac-

ticable to have the chemist on hand day and night, and as

control analyses have to be made once an hour on several kinds

of acid, it is most important to have a simple and reliable

method. The principle involved in this new method is the

measurement of the heat developed by combining the free

sulphuric anhydride with water. As this heat value is very

great, very small variations in the percentage of free anhydride

make large variations in the heat produced. To eliminate

as far as possible the heat of dilution of sulphuric acid, I

prefer to take as the source of water for hydrating the anhy-

dride, a sulphuric acid of such concentration, that when^ a

given quantity is mixed with an equal weight of fuming acid,

the resulting' mixture will contain only slightly more water

than is necessary to produce the monohydrate. In practice,

when a fuming acid of 20 per cent, to 25 per cent, of free

anhvdride is to be tested, I use for mixing with it a sulphuric

acid containing 92 per cent, of H0SO4. The analysis must be

done in a vessel so arranged as to prevent the loss of heat by

radiation. A Dewar vacuum tube is most satisfactory. When
using one of these tubes the drop in temperature through radi-

ation does not materially affect the result within the time

required for analysis. In detail the method of procedure is

as follows

:

One hundred grammes of the fuming acid are weighed into

a Dewar's vacuum tube. The temperature (0) is noted, and

then the temperature (&) of the reagent acid, after which 100

Gm. of the 92 per cent, acid are poured into the Dewar tube

and thoroughly mixed by stirring with the fuming acid already

in the tube. The temperature (c) of the mixture is recorded.

The heat o'f reaction equals c

—

'^ ±J', making no allowance
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for the heat capacity of the tube. In order to avoid corrections

for the heat capacity, or any other small errors which might

creep in, tests are made in this manner of fuming acids, the

composition of which is exactly known, and from these initial

determinations a table is prepared.

Heat of Free Sulphuric Heat of Free Sulphuric
Reaction, °F. Anhydride, °F. Reaction, °F. Anhydride, °F.

72.0 21.0 87.6 23.6

lZ-2 21.2 88.8 23.8

74-4 21.4 90.0 24.0

75-6 21.6 91.2 24.2

76.8 21.8 92.4 24.4

78.0 22.0 93-6 24.6

79-2 22.2 94.8 24.8

80.4 22.4 96.0 250
81.6 22.6 97.2 25.2

82.8 22.8 98.4 25-4

84.0 23.0 99.6 25.6

85.2 23.2 100.8 25.8

86.4 234 102.0 26.0

This table shows a difference of 6° F. for each per cent,

increase of free anhydride, and as the readings may be depended
upon to within 3^° F. the results obtained are extremely

accurate. Any intelligent workman can carry them out and
the time required does not exceed 3 or 4 minutes.

Test of monohydrate. The same principle may be used

to give a most accurate determination of the strength of

sulphuric acid from 95 per cent, to 100 per cent. H0SO4, but

of course in making the test the fuming acid must be used in

excess, and the heat developed is the measure of the uncom-
bined water contained in the sulphuric acid to be tested.

The reagent used is ordinary fuming acid of 24 per cent,

to 25 per cent, anhydride, and with this fuming acid a sulphuric

acid containing from 94 per cent, to 100 per cent. ITSO^ may
be tested.

The temperature (a) is noted of 100 Gms. of acid to be

tested: the temperature (6) of 100 Gms. of the fuming reagent

acid is recorded, and this added to the monohydrate and
thoroughly mixed. The temperature (c ") of the mixture notetl.

The heat of reaction equals C—?_±-^. As before, all allowances
2

for corrections are obviated by preparing a table from tests of

acids of known composition, which may be seen in the origfinal

article.

It may be noted that for every o.i per- cent, variation in

the acid between 94 per cent, and 100 per cent. H^SO^ there

is more than 1° F. difference in the temperature. This method
can be extended to cover a great variety of compounds. ('* The
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Heat of Chemical Reactions as a Basis for a New x\nalytical

Method," by Henry Howard, in Journal of the Society of
Chemical Industry, Jan. 15, 1910.)

PRICE OF RADIUM. The Austrian Ministry of Pubhc Works
is trying to settle upon a place where radium may be sold

and the price to be charged. The question arose when a quan-
tity of ore shipped from Joachimsthal was found to contain

no less than one gramme of radium. The price for this small

quantity has been fixed at 380 crowns ($77.14) per milli-

gramm.e. Those who contemplate purchasing radium may have
their addresses entered at the Ministry of Public Works in order

to receive information as to quantities and current prices of

radium. {Sci. Am.. Feb. 5, 1910.)

DR. E. G. ACHESON was presented with the Perkin medal at

a recent meeting of the Chemists' Club. He received the medal
for discovering entirely new materials suitable for many pur-

poses and now indispensable to the world, such as carborundum,
deflocculated graphite and Egyptianized clay. {Sci. Am., Feb.

5, 1910.)
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SOME REMARKS UPON THE CRITICAL POINTS OF
STEEL, THEIR METHOD OF DETERMINATION

AND THE VALUE OF SAME.

BY

GEORGE W. SARGENT, Ph.D.

It has been observed that when a piece of high carbon sheet

steel is heated to a high temperature, 800° C. or more, and

allowed to cool slowly in the dark, the outer portions radiating

the heat more rapidly cool faster until a certain temperature is

attained when suddenly the outer portions glow more brightly,

showing a marked increase in temperature. This phenomenon

is termed recalescence (see Fig. i), and to the temperature at

which this occurs the term rccalcscent point has been given. It

constitutes one of the critical points in steel, and since it takes

place in the cooling (refroidissant) it has been designated by the

symbol Ar ^ to distinguish it from the other slighter and less

marked points which are designated Ar,- and Ar^ respectively

This phenomenon of recalescence is produced by the evolution

of latent heat which accompanies the transformation of the

[NoTK.—The F'ratikliii Institute is not responsible for the statements and opinions advanced
bv contributors to the Journal.]
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mineralogical constituents of the steel as it cools. In heating, the

action is reversed, accompanied by an absorption of heat, which

while it cannot be so clearly illustrated, can readily be detected.

To the points at which these absorptions occur, the symbols Ac,^

Ac,^ Ac " are applied. " A " is a designation common to both

heating and cooling critical points. The " c " is taken from the

French cliaiiffant, heating. Steel, then, when being heated or

cooled passes throug'h transformations termed critical points

where there are retardations in the rate of heating and cooling

due to some chemical or physical changes within it.

Ftg. la. Fig. lb.

a. The normal cooiing or a plate or hif,'h

carbon steel the temperature of which is

above or below the recalescent point.

b. The condition during recalescence.
The shaded portions are the cooler. In b the
condition is the reverse of a.

A number of methods have been developed for the deter-

mination of these and in the Bulletin of the Bureau of Stajidords,

vol. V, No. 2 (1908), Burgess presents the following methods:

TEMPERATURE TIME CURVES.

Under this general head two classes or kinds are distinguished.

Class I.—In this class simultaneous measurements are made
of the temperature of the heating and cooling substance as

determined by thermo-electric means, and of the time. The

results are plotted in a curve upon which the critical points of

magnitude are clearly marked. (See Fig. J. wliich shows the

melting and freezing |X)ints of pure salt.
)
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Instead of olj.ser\ing the nieasurenients and plotting a curve

there are several self-recording instruments of various types,

among which may be mentioned that of Bristol, of Leeds &
Northrup, of Taylor & Co., and of Qifeen & Co., in this country.

These instruments make an autographic record of the results.

This method, however, is not adapted for the detection of

critical points, such as allotropic transformations, which are

slight in their efTects and take place rapidly. Furthermore,

outside conditions, such as accidental changes in the rate of

Fig. 2.
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heating and cooling due to an irregular source of heat or air

drafts, together with progressi^•e heating or cooling in the

specimen itself, make the location and extent of the transforma-

tions difficult to satisfactorily determine, hence

:

Class II.—In order to eliminate the latter mentioned diffi-

culties, a second thermo-couple is ])laced in the furnace and
alternate readings are taken of the piece under examination and
the furnace. Two temperature time curves are thus obtained bv
plotting both galvanometer readings side l)v side or plotting the

difference in temi)erature against the temperature of the specimen

under obserxation. (Fig. 3 gixes a heating and cooling curxe

of this class.")
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This method, however, is no more effective in measuring-

transformations which are shght and rapid than is Class I,

since the method of measnrement is the same in each.

Fig. 3.
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DIFFERENTIAL CURVES.

Under this second general head there are also several kinds.

Class III.—If the second thermo-couple be inserted in a

neutral body of the same heat conductivity as the sample under

observation and the thermo-couple be so arranged as to give

a direct measurement of the difference in temperature, more

effective measurements of slight transformations are obtained.

Figs. 4 and 5 show the necessary arrangements for two such

systems. This latter was the system used by Roberts-Austen in

investigating the critical points of pure iron while cooling.

(See Figs. 6 and 7.) Here the temperature of the specimen vs.

time is plotted and also the difference in temperature vs. time.

The thermo-electric measurements of the differential tempera-

tures are more sensitive than those of the temperature of the
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specimen, hence there is great sensibihty to sHght and rapid

transformations. From Fig. 7 it is apparent the apparatus of

Roberts-Austen, while sensitive, is comphcated, and would there-

fore be difficult of adjustment. It was Saladin of the Creusot
Works, France, who invented a method of photographically

recording the temperature of the sample and the difference in

Fic. 4.

System with commutator in the circuit to enable taking of alternate observations of,.the
temperature of the furnace and the specimen.

temperatvu'e between it and a neutral body whereby the com-

plicated apparatus of Roberts-Austen was eliminated and the

desired sensibility obtained.

To the type of curve obtained by this Saladin arrangement,

the designation Class IV has been given by Burgess and its

function is expressed 11 vs. i)-ii . The details of the Saladin

Fk;

Pt

Pt+IO;^lr

Pt

v>N^\^^^^^\\N^^VV\VV\\\\\\^\V^^\^^^^^

fr^\\\\\\\\\^\\\\\\^^\\\\\\\\^

System of Roberts-Austen in which a neutral body is used and the difference in tempera-
ture between it and the specimen is determined.

instrument as improxed by Le Chatelier are shown diagrammati-

cally by Fig. 8. Fig. 9 shows the instrument as installed at the

works of The Carpenter Steel Co. The arrafigement of the

themio-couple circuits is shown by Fig. 10.

Burgess describes two more classes (V and W) but they
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have to do with the measurements of the speeds of the trans-

formations and the decrements of temperature in a unit of time

and the results are plotted in terms of the temperature. The
observations are made after the manner employed in Class II

and for sensibility and precision, neither is better than that

class.

Fig. 6.

Differential cooling curve o£ electroU'tic iron. (Roberts-Aasten, Fifth Report, .alloys

Research Committee, Plate II. 1899.) Abscissae are actual temperatures, and ordinates are
the differences, at each temperature, between the temperature of the electrolytic iron and a
mass of platinum cooling under identical external conditions. This delicate method reveals
even slight evolutions and absorptions of heat.

Fig. II shows the curves characteristic of these various

methods when working- upon

X
substances which remain at a constant temperature
during the transformation.

Y
substances which do not remain constant in temperature
during the transformation.

Z
substances which increase in temperature during the first

part of the transformation.

The X type is found in curves for determining- the melting

points of pure salts. The Y and Z types are met while obtaining

the critical points of steel.

Calling- attention to some of the characteristics of these

curves, it is to Ije noted that C and Co are practically coincident

and represent the temperatures the piece would have fallen to

had the transformation not occurred. Burgess points to the fact

" that in general the rate of cooling to the right of C will be

greater than to the left of B, on account of the furnace walls

which having continued to cool during tlie time BC, therefore

abstract tlie heat more ra])idly from tlie s])ecinieii." It might

well be added, since we will ha\e occasion to note the fact later,

that the converse of this happens in heating.
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The point of inflection marks the end of the transformation

as shown at C in I and E in I' and I". Thus there is obtained

in the temperature-time curves the beginning, end, and duration

of the transformations, together with an approximate measure

of the heat evolved, but it must be rememljered that in this type

of curve these points are difficult to satisfactorily determine for

the reasons already given.

In IV, IV', and IV", be is equal to cc' of I, V, and I" but

the points of inflection E in these do not correspond to similar

points in the former figures. Hence this method—temperature

vs. difference in temperature ( vs. ii-o )
—is less complete

although more sensitive than the temperature time curves vs.

t and those of Classes V and VI.

Fic. 7

. V, V and VI". and \T. VI' and \T" represent temperature

rate curves. The former—temperature traxersed i^er unit of

time vs. temperature {nvs.o-o dt)—compare insofar as the trans-

formation points are concerned, with the temperature time

curves. R ^= B. C = C. E =- E. The curves shown by VI. Vl\

and Vl"—temperature t'.n". time elapsed per unit of temperature

(0 vs. 0-0 dt d)—are really the reciprocals of \'. \'\ and \'".

Both of these curves show the ti"ansformation phenomenon more
exaggerated and conseciuentlv clearer. As in curves of Class I,
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both Classes V and VI are obtained without the aid of a neutral

piece to eliminate the effects of outside conditions and hence are

less sensitive.

The Saladin-Le Chatelier apparatus offers most to the steel

manufacturer, and for this reason it has been installed in the

works with which the writer is identified. As already stated

this instrument develops curves of Class IV type which are the

most sensitive and most certain. Fig. 9 shows clearly the manner
of installation. The table carrying the galvanometer is hung
by cords from the ceiling. The legs of the table stand in porce-

FiG. 8.

Diagrammatic presentation of Saladin apparatus.

lain battery jars filled with heavy oil. This arrangement enables

us to obtain curves that are quite free from exterior disturbances

although we are in the second floor of a frame office building

subject to the vibrations caused by passing trains, steam ham-

mers, exhaust from mill engines and banging office doors. An
electric furnace is used for heating the specimen. Our arrange-

ment of the thermo-couple and the neutral piece of nickel has

proven verv satisfactorv (see Fig. 10), as the curves shown

indicate.
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Saladin apparatus as installed at the works of the Carpenter Steel Co.. RcaJir.u. f'-k-

I'he location of the end of the transformation which is an im-

portant point from a practical and commercial point of view.

is said to he ditificult in this t\pe of cm^ve. We. however, witli
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the arrangement just described have Ijeen able to locate it with

sufficient accuracy for our practical needs.

Consider the curve (Fig. 12) obtained from a steel analyzing:

Carbon 52 per cent.

Manganese 1.20 per cent.

Silicon 17 per cent.

Phosphorus 07 per cent.

Sulphur 06 per cent.

The arrows indicate the direction in which the ray of light

from the mirrors of the galvanometer traversed the plate from

right to left in heating and the reverse in cooling. The path is

almost a straight line to b, at which temperature, 710° C, the

specimen begins to convert the heat it absorbs to latent heat

Fig. 10.

wit?} fovr tvhes
conveying fhe Covples

Arrangement of specimens and couples.

with the result that the neutral which is taking on heat from

the furnace, which is uniformly growing hotter, becomes hotter

than the specimen. At once there is an electromotive force sent

through the differential couple to the first galvanometer and the

ray of light is mo\'ed upward. At the point c the maximum
dift'erence in temperature between the specimen and neutral

is indicated. While the specimen has Ijeen absorbing heat the

furnace has been growing hotter so that the specimen having

ceased to absorb heat heats more rapidly than the neutral and

comes back to eqiu'librium more quickly upon the completion of

the reactions in^•olved in the transformatif)ns. This produces

the long easy compound curve cda. In cooling the differential

galvanometer is at zero until b\ 663'' C, wlicn a slight dis-

turbance takes place. At h'" the steel recalesces and there is

an increase in temperature of about 6° C. {h") after which
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the specimen ccxjIs off, giving the curve h'"cl'. At the ix)int

(/' the differential galvanometer has come back to zero. We thus

have the following points brought to our attention :

In heating b

c

d

^710° C
= 7.^^° C
= 7«o° C

In cooling b'

b"
b"
d

= 663° C
= 648° C

' = 642° C
= 575° C

Fig. 1 1

.

To ascertain what these temperatures corresponded to in the

specimen, sections of the specimen were heated in an electric

furnace to 710 (.".. 725" C, 740 C. 760 C 780' C, and

800 I". The end of the thermo-couple was inserted into a hole

drilled into each and when the desired temperature was attained

the section ^ in. round b\- vs in. thick was quickly quenched

in cold brine. These specimens were pc^lished and etched with

picric acid (5 per cent.V Tn etching it was noticed that in order
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to develop the structures the duration of the immersion for each

specimen was

:

710° C 20 seconds.
725° C 20 seconds.
740° C 30 seconds.
760° C 60 seconds.
780° C 60 seconds.
800° C 90 seconds.

The structures are shown by the photomicrographs Figs.

13-17. The Brinell hardness-values of the specimens were also

obtained. These results are shown in Table L
We have already mentioned the points Ac/ Ac,^ and Ac^

which are more or less widely separated in steels under .34 per

Fig. 12.

cent, carbon, but in steel containing carljon in excess of this

amount the points are not to be distinguished one from another

in a heating curve. Ac- is accompanied by a change of the

steel from a magnetic to a non-magnetic condition and Ac ^

is accompanied by a shrinkage liut Ac " in medium and high

carbon steels presents no physical phenomenon whereby it can

be located, but it is well known that steel cjuenched from a

temperature at or above this point consists of martensite. From
the above table it would appear as if b, c, and d correspond to

these three points; d is the end of Ac.^ Whether they do or

not is of no great moment practically, since the hardening point

of the steel is the all important determination and our experience

has shown that steel heated to d hardens best. However, it is

well known that to obtain tlic maximum hardness in steel Ac,^
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Ac,^ and Ac '' must he passed through, hence the point d must

be just over Ac,'* and Ac ^ is Ijetween it and Ac ^ or h. The

cur\e hcd then= Ac ^ -{- hz^ -\- Ac '' + I- i" which I equals the

TABLE I

Specimen
, , Position Structural

'^"frorn'^
on heating curve composition

Rf-n 11 Immersion

hlXess ^^^^ F^-^^"^«

146

131

187

i Pearlite

7 10° C. at 6 - Ferrite and
I Sorbite

{Pearlite
Sorbite and
Ferrite

iPearlite
Sorbite and
Martensite

^ o /^ u 4- ^ 7 • Martensite and 1 ,760° C. between c and rf^
Sorbite / ^^

780° C. just at d Martensite lost

800° C. just above d Martensite 744

1 But 20 sec developed sorbite. - \o sorbite

TABLE II

20 sec. tough

20 sec. tough

30 sec. tough

60 sec' silky

60 sec' fine crystal.

90 sec' gran, crystal.

Speci-
men*

quenched
at

Position
on cooling curve

Structural
composition

Brinell
hardness

Immersion in picrid acid

670° C. just above h' ..
f Martensite and
\ Troostite

1

i
418

50 seconds
10 sec. devel. troostite

650° C. just under b' .

.

( Martensite

] Troostite and
( Sorbite 1

340 10 seconds

630° C. just below h" .

j" Sorbite
\ Pearlite.Ferrite

i Troostite
179 10 seconds

600° c. near d'

r Pearlite
\ Sorbite, Ferrite

( Troostite
179 10 seconds

4 7 5° C. imder d'

r Pearlite
-, Ferrite and
( Sorbite

159 20 seconds

* All specimens in this series had been heated to 800° C. and were quenched in brine at the
indicated temperatures as they cooled down in the electric furnace. The time of heating to
800° C. occupied 30 or 40 minutes and 15 to 30 minutes were required to cool according to the
extent of the cooling.
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completion of the reactions involved in Ac/ Ac,- and Ac " and

the return of the system to equilibrium or nearly so, and I seems

to have a small value.

Fig. 13. Fig. 14.

Specimen 1485 quenched from 7io°C. Sor- Specimen 1485 quenched from 72S°C. Sor-

bitic pearlite and ferrite J-p. bitic pearlite and ferrite if".

Fig. 16.

Specimen 1485 quenched from 74o°C. Sor- Specimen 1485 quenched from 76o°C. Mar-

bitic pearlite and Martensite "{' tensite and sorbite 'j".

If this condition in heating be true then in the cooling curve

beginning at b' through b", b'", and d we would expect to find

similar conditions.

To investigate these points the specimens were heated after

the manner previously described to 800" C. then let cool to
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670^ C, 650'^ C, 630-' C, 600 C, and 475° C. respectively,

when tliey were quenclied in Ijrine. Fig^s. 18, 19, 20, 21, 22, 2^,

and 24 show the photomicroi4raphs of these specimens and the

results of the invest illations of them is shown in 1"al)le IT.

Fig. 17.

•c* >

Specimen 1485 quenched from 780° C. Martensite 'i". Specimen 1485 quenched from 800^C—
Same as Fig. 17, but with a more coarse structure.

Specimen 1.485 ciuc-nchcd at oSo^^C, cooled from 800° C. Martensite and troostite '"- and 'J'"

From these rcsuhs it would seem that the curxes //. /'". b'".

and (/' covered the range involved in the transformation in

cooling as the curves h, c, and </ cover it in heating. The dis-

solution, of the minerals formed by heating- to 800^ C. has

not been complete until the temperature of the specimen has
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fallen below 600^ C. The specimen quenched at 600 ' C. shows a

pearlite pseudoniartensite, or sorbite. In this particular curve,

which is ideal, points d and d' have been located by the path

Fig. 21.

Specimen 1485 quenched at 050 C, cooled
from 8oo°C. Martensite, trooslite and sor-

bite '?-.

Specimen 1485 quenched at 630° C,
cooled from 800° C. Sorbitic pearlite, fer-

rite and troostite -?^.

Fig. Fig. 2

Specimen i4c,s i.;L;....cl ui 63o°C.,
cooled from 800" C. Sorbitic pearlite ferrite

and troostite -f-.

Specimen 1.^85 quenched at 600° C,
cooled from 800° C. Pearlite, sorbite and fer-

rite troostite -']'.

traced by the spot of light as it traversed the figure, thus in

heating the line from d' to h' was traced with the ditferential

galvanometer at zero and so in cooling the differential galvanom-

eter at zero traced the path db. In producing this particular
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curve the heating required 45 minutes and the cooHng 50 minutes

under very uniform conditions.

Fig. 25 shows a curve of i.io per cent, carbon steel obtained

quickly and with no attempt to preserve the most regular con-

ditions. In order to locate d the dotted line, a continuation of

a, d and h is drawn ; d' is located through the continuation of

ab' . Such curves as this particular one are not really to be con-

sidered in locating the upper point Ac'' or end of Ar^ This

curve has merely been shown to illustrate how the points are

located.

Fig 24.

Specimen 1485 quenched at 4-5°C., cooled !: Pearlite, sorbite and ferrite ^%^.

Fig. 26 is a cooling curve of a .70 per cent, carbon steel and

further illustrates how the points d and d' are detennined.

Fig. 27 is of .T^y per cent, carbon steel, in it the point d

is at 825° C.

From a study of the heating curves as obtained by us

we are enabled to definitely locate for practical purposes the

hardening temperatures of our steels and from the cooling

curves the proper temperature at which to anneal in order to

successfully soften the steels for easy machining or to have

them possess certain physical properties.

In a little more than two hours it is possible to have complete

Vol. CLXIX, No. 1012— 14
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lieating- and cooling curves of any specimen and a little study

of these gives the information which by the old cut and try

methods required a very long time, even months. Thus the

commercial practical values of these curves are apparent.

In 1907, the specifications for rifle-barrel steel issued by the

Fig. 25.

ordnance department of U. S. A. specified the determination

of the Ac^ point and that tensile test specimens should be cut

from samples annealed 10° -20° C. above this point. This

specification was developed because in the manufacture of barrels

the steel is cut to specified lengths, heated to 600° or 700° C. and

Fig. 26.

rolled into rifle-barrel blanks, and it was thought that inferior

steel could be treated in such a manner that it would meet the

requirements specified for the material as it came from the steel

mills, and the belief was that the subsequent working of the in-

ferior steel at the arsenal or armory instead of improving the

quality depreciated it. By heating the test specimens to above

Ac^ before sul^jecting them to a ])hysical test, any effects of
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treatment acquired by heat or rolling would be eliminated, or

largely so, and the true quality of the steel made apparent. Thus
it will be seen that the determination of the critical points in steel

has already been used as part of the specifications for com-

mercial steels.

In what has been presented here, there is no claim to

originality except possibly the manner of the location of the

points d and d' corresponding approximately to the end of

Ac^ and Ar^ and the arrangement of the specimen and neutral.

Fig. 27.

Nowhere has the author seen published curves showing such

marked regularity and characteristics as those exhibited with this

paper. This regularity might be attributed to the uniform

heating of our electric furnace and the arrangement of the

specimen and neutral.

All this work has been done at the works of The Carpenter

Steel Co., Reading, Pa., with the valuable assistance of ]\Ir.

Ben. White and Mr. J- H. Parker. The author wishes to here

express his thanks to both these gentlemen and the several

others who have kindly aided in enabling this presentation to

be made.

THE PIG-IRON AND IRON-ORE INDUSTRY IN 1909.

GREAT nU'KOVKMKXT IX COXPITION?.

There was a wonderful revival in the iron industry in the United
States in iQog. so tliat the production of hoth iron ore and pig-iron will

nearly reach that of 1907, the year of maximum output up to the present
time. Estimates made by E. C. Harder, of the United States Geological
Survey, indicate an increa>c in IQ08 of more than 9,500,000 tons of pig-
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iron and more than 15,000,000 tons of iron ore. The following table shows
the production in long tons of iron ore and pig-iron in 1907 and 1908 and
the estimated production for 1909. The figures showing the production of
iron ore in 1907 and 1908 were compiled by the United States Geological
Survey; those for pig-iron were compiled by the American Iron and Steel

Association. The estimates of the production in 1909 were made by ex-
amining various trade journals and comparing activities in the various dis-

tricts with those of previous years.

PRODUCTION OF IRON ORE AND PIG-IRON IN THE UNITED STATES IN I907 AND
1908 AND ESTIMATED PRODUCTION IN I9O9, IN LONG TONS.

1907. 1908. 1909.

Pig-iron 25,781,361 15,936,018 25,500,000
Iron ore—Lake Superior district 41,638,744 28,225,412 41,000,000

Iron ore—Alabama 4,039,453 3,734,438 1

Iron ore—New York 1,375,020 697,473', 10,000,000

Iron ore—other States 4,667,402 • 3,326,013 j

Total ore 51,720,619 35,983,336 51,000,000

PIG-IRON.

The output of pig-iron increased gradually, with slight fluctuations,

throughout the year. In February and in April the production was slightly

less than in the preceding months, but except in these two months the
increase was steady.

The following table shows the production of pi^-iron during the first

half of 1909 as estimated by the best authorities :

Production of pig-iron from January to June, 1909, in long tons.^

American Iron and Steel Association 11,022,346
Iron Age (New York) 10,890,167
Iron Trade Review (Cleveland) 10,820,059

The estimates of the Iron Age and the Iron Trade Revic-w do not
include charcoal pig-iron.

The Iron Age gives the following monthly production of coke and
anthracite pig-iron in long tons from July i to December i, 1909: July,

2,103,431; AugLt^t, 2,248,930; September, 2,385,206; October, 2,599,541;
November, 2,547,508.

On June 30, 1909, out of a total of 436 blast-furnaces 258 were in blast,

as compared with 236 on Deceml)er 31, 1908. By Novemljer i, according
to the Iron Age, the number had increased to 309 and by December i to 314.

The increase in the production of iron ore, although distributed over
the entire country, was greater proportionally in the Lake Superior district

than elsewhere. The lake shipments of Lake Superior iron ore, according
to the Iron Trade Rcvieiv. amounted by December i to 41,164,359 long

tons, which will probably be increased to about 41,500,000 long tons by
January i, 1910, as compared to a total of 25,427,094 long tons during 1908

and 41,290,709 long tons during 1907. The lake shipments for 1909, how-
ever, cannot be taken as a measure of the production, since the stock left

at the mines in the Lake Superior district at the end of 1908 was greater

by several million tons than it had been for some years i)ast, amounting to

5,251,571 long tons, as compared with 2,753,333 long tons at the end of 1907.

The production in New York will probably be somewhat greater than



XOTKS AXI) COMMKXTS. 2/3

in 1907, the record year ; that in Alabama will probably be about the same
as in 1907.

By taking the production in these three districts as a basis and com-
paring it with the production in various parts of the country in previous
years the above estimate of the total iron-ore production in 1909 has been
obtained.

PRODUCTION OF COPPER IN 1909.

A RECORD-BREAKING YEAR.

Statistics and estimates received by the United States Geological Survey
from all plants known to produce blister copper from domestic ores and
from all lake mines indicate that the copper output from mines in the
United States in 1909 surpassed all previous records.

The figures, which have been collected by B. S. Butler, of the Survey,
represent the actual production of each company for eleven months and
include an estimate of its December output. The November figures for a
few companies were not available and these companies furnished estimates
for the last two months of the year. According to the statistics and
estimates received the output of blister and lake copper was 1,117,800,000
pounds, as against 942,570,721 pounds in 1908, an increase of over 18 per
cent. This not only exceeds the increase of any previous year but it is

considerably greater than the total yearly increase since 1904.

OUTPUT OF LEADING COPPER-PRODUCING STATES.

It is impossible now to give figures that represent accurately the dis-

tribution of the output among the States of origin, but a few general state-

ments may be positively made concerning the leading copper-producing
States. Montana shows a large increase, again taking first rank, a place
lost to Arizona in 1907. The production in Montana will nearly equal or
will possibly exceed the State's previous record output, 314,750,000 pounds,
made in 1905. Arizona holds second place, with a slight increase over the

289,523,000 pounds produced in 1008. Michigan also exceeded the 1908
production, 222,289,000 pounds. Large gains were iiiade by Utah and Nevada,
and_ California also increased its output considerabh'.

REFINED COPPER.

Statistics -showing the output of refined copper by plants in the United
.States are not now collected by the Geological Survey. Figures published
by the Copper Producers' Association indicate that the production of mar-
ketable copper from all sources, domestic and foreign, for the first eleven
months of 1909 will exceed 1,400,000,000, as against 1,161,176,085 pounds in

1908. Statistics showing domestic deliveries for the first eleven months of
the year, as given by the Copper Producers' Association, indicate a con-
sumption of copper in the United States considerably greater than the

previous record consumption—682,000,000 pounds, in 1906.

Estimates based on figures for the first eleven months, published by
the Bureau of Statistics and .also by the Copper Producers' Association,
indicate that the exports of copper will surpass by several million pounds
the exports for 1908^—661,876.127 pounds.

IMPORTS.

According to the Bureau of Statistics, imports of pigs, bars, ingots,

plates, and old copper for the first eleven months amounted to 213,100,281

pounds, and the copper content of ore matte and regulus imported amounted
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to 74,708,482 pounds. If the imports for December were equal to the
average monthly import for the first eleven months the amount of copper
entering the United States for the j^ear was about 311,800,000 pounds, as
against 218,705,487 pounds in 1908.

Stocks of refined copper in the United States show a considerable
increase over those of January i, 1909, but the accumulation occurred for
the most part during the first half of the year. European stocks, however,
have increased rather uniformly throughout the year and at the close were
probably nearly double those of January i, 1909. The price of copper has
remained close to 13 cents throughout the year, the average monthly New
York quotation for electrolytic copper being a little under 13 cents.

MINE DEVELOPMENT.

Mine development has been active in most of the important camps,
but especially so in the deposits of disseminated ore in Arizona and Nevada.
The mines and smelters of the country are now in a position to make the

output of 1910 larger than that of 1909. So many factors, however, enter
into the determination of the output that any forecast of production of
the coming year made at this time would be without value.

PRODUCTION OF REFINED LEAD IN 1909.

GEOLOGICAL SURVEY'S ESTIMATES SHOW A RECORD-BREAKING YEAR.

Figures showing the production of refined lead in 1909, compiled with-

out change by C. E. Siebenthal, of the United States Geological Survey,
from reports and estimates made by the desilverizers and the soft-lead

smelters, are believed to show approximately the actual output within i

per cent. Figures showing the imports and exports were obtained from
the records of the Bureau of Statistics for the first eleven months of the

3'ear, and to these have been added estimates for December.

PRODUCTION.

The total production of refined lead, desilverized and soft, from domestic
and foreign ores in 1909 was approximately 444,363 short tons, worth at

the average New York price $38,215,000, as compared to a production of

396,433 tons in 1908 and 414,189 tons in 1907. These figures do not include

an estimated output of 12,860 tons of antimonial lead, as against 13,629

tons in 1908 and 9910 tons in 1907. Of the total production, desilverized

lead of domestic origin, exclusive of desilverized soft lead, is estimated

at 209,698 tons, as against 167,790 tons in 1908; and desilverized lead of

foreign origin comprised 87,379 tons, compared to 97,761 tons in 1908. The
production of soft lead from Mississippi Valley ores is estimated at 147,286

tons, as compared with 130,882 tons in 1908 and 129,607 tons in 1907.

Missouri apparently retained first place among the lead-producing States.

IMPORTS AND EXPORTS.

There was a slight increase in the imports of lead in ore and base

bullion, which amounted to 112,467 tons, value at $4,210,829, as compared
to 109,287 tons in 1908. Of the 1909 imports, 102,300 tons, or 90 per cent.,

came from Mexico. The imports of refined lead increased slightly, being

3588 tons, with a value of $230,956, against 2759 tons in 1908. The exports

of foreign lead (lead of foreign origin smelted or refined in the United

States) show an increase of 16 i)cr cent., being 88,794 tons, valued at
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$3,221,836, compared to 76,367 tons in 1908. The exports of lead manufac-
tures decreased slightly, having a value of about $530,000, as compared
to $599,640 in 1908.

PRICES.

The price of lead started in January with an average of 4.2 cents
per pound, falling in March to the minimum for the year, 3.95 cents per
pound, then rising slowly to the close of the year. The average New
York price for the year was 4.3 cents per pound.

PRODUCTION OF PETROLEUM IN 1909.

DECREASE IN PRODUCTION.

According to reports received by the United States Geological Survey,
the remarkable rate of increase in the production of petroleum that extended
through 1907 and 1908 was checked in 1909.

The production for the United States in 1909, as estimated by David T.
Day, of the Geological Survey, was between 173,000,000 and 178,000,000
barrels, as against 179,572,479 barrels in 1908. The decrease was less than
had been expected in view of the great accumulation of stocks during
the preceding year. This accumulation occurred entirely in States east of
the Rocky Mountains that have no trade connection w^ith California, and
this State therefore showed a great gain, in which nearly all its pools
participated.

DECLINE IN PRICE.

That the production of 1908 was more than the market could reasonably
stand was shown by the decline in price in the eastern and middle fields.

The price for Pennsylvania crude oil, which had been $1.78 per barrel,
began to decline on May 3, 1909, and had fallen to $1.43 per barrel by
December 9. A cut was made in Lima oil from $1.04 per barrel to $0.84
per barrel ; in Illinois oil from $0.68 per barrel to $0.60 per barrel : and
in the Oklahoma fields the price likewise declined from $0.41 per barrel
to $0.35 per barrel.

There were no significant discoveries of new fields during the year,
although outside of the well-known regions prospecting was particularly
active in Wyoming, Utah, and New Mexico.

PRODUCTION OF QUICKSILVER IN 1909.

I'KliLlMIX.VRV ST.\TEMEXT BY THE GEOLOGICAL SURVEY.

Statistics collected by H. D. McCaskey, of the United States Geological
Survey, from the producers show that the total production of quicksilver
in the United States in 1909 was 20,425 flasks of 7=, pounds each, valued, at
the average New York price in 1909—$46.17 per flask—at $943,022. These
figures represent exactly the production for the first eleven months of 1909
plus the estimated production for December. .\ comparison of these figures
with those given by the Survey for 1908— 19.752 flasks, valued at $824.146

—

shows an increase for 1909 of only 673 flasks, but an increase in value of
$118,876. The Survey's value for 1908 was based on prices given by
producers, however, and not on the average New York price, so that a
better idea of relative values would be obtained by comparing the values
for both years as determined by the average New York price. Since this
price per flask in 1908 was $44.84, the value for 1908. thus computed, would
be $885,(^80, and the increase in value of the quicksilver production of 1909
over that of 1908 would be $57,342.



2/6 Notes and Commexts.

Prices have steadily risen during the last three years, and unless pro-
duction should greatly increase will probably remain fairly attractive to
producers that are operating at reasonably low costs. In 1907 the average
prices per flask for quicksilver were, for New York, $41.50; for San
Francisco domestic, $39.60; and for San Francisco export, $38.17. In 1908
these prices rose, respectively, to $44.84, $44.17, and $42.54. In 1909 the
corresponding prices rose further, to $46.17, $45.33, and 43.33.

IMPORTS AND EXPORTS.

Figures showing the imports in 1909 are not yet available, but they
were probably insignificant, as they have been for several years past. The
exports, however, as shown by exact figures obtained from the Bureau of
Statistics for the first eleven months, and by an estimate for December,
materially increased in 1909. The exports in 1909 were 6900 flasks, valued
at $268,972. The corresponding figures for 1908 were 2996 flasks, valued at

$124,960; those for 1907 were 5132 flasks, valued at $192,094.

PRODUCTION BY STATES.

The production by States shows a decrease in California from 16,984
flasks in 1908 to 15,700 flasks in 1909; an increase in Texas from 2832
flasks in 1908 to 3925 flasks in 1909 ; and an increase in combined output
from Nevada and Oregon from 346 flasks in 1908 to 800 flasks in 1909.
In 1909, for the first time in many years, there was a small production
in Nevada, buf no production was reported from either Arizona or Utah.

PRODUCTION OF SPELTER IN 1909.

GREAT GROWTH OF THE ZINC INDUSTRY.

A Statement just issued by the United States Geological Survey shows
that the zinc industry in 1909 had a year of unexampled expansion. Not
only was the largest output of spelter ever made in the United States

almost completely absorbed by the market, but the imports of spelter were
much larger than ever before. Local accounts indicate a record-breaking
production of zinc ores in the Joplin and upper Mississippi Valley regions

and from the Franklin Furnace mines of New Jersey.

The following figures have been compiled without change by C. E.

Siebenthal, of the Geological Survey, from reports furnished by all operating
zinc smelters, showing their output for the first eleven months of the year
and their estimated production in December, and are confidently believed

to be within i per cent, of the actual output. Figures showing the imports

and exports were obtained from the records of the Bureau of Statistics,

likewise with estimates for December.

PRODUCTION.

The production of primary spelter from domestic ore in 1909 is estimated

at 241,842 short tons, and from foreign ore at 26,373 tons, a total of 268,215

tons, worth at the average price $28,967,220, as compared to 210,424 tons

in 1908 and 249,860 tons in 1907. The production of spelter from both

domestic and foreign ores, apportioned according to the States in which
smelted, was approximately as follows : Illinois, 76,486 tons in 1909, as

compared to 50,244 tons in 1908; Kansas, 104,007 tons in 1909 and 99,298 in

1908; Missouri, 8,479 tons in 1909 and 10,201 in 1908; Oklahoma, 28,821

tons in 1909 and 14,864 tons in 1908; Eastern, Western, and Southern

States, 50,422 tons in 1909 and 35,817 tons in 1908. The total production
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of spelter is equivalent to the output of 56,112 retorts operating continuously
through the year, or 60 per cent, of the total smelting capacity.

IMPORTS AND EXPORTS.

The imports of zinc ore exceeded all records, being -approximately
116,173 short tons, valued at $1,381,836. Of this amount 91 per cent., or
105,600 tons, was from Mexico, more than double the quantity imported in

1908, which was 53,757 tons, and even more than the quantity imported in

1907, which was 103,117 tons. The exports of zinc ore show a decrease,
being 12,456 short tons, worth $412,300, compared to 26,108 tons in 1908.
The imports of spelter show a remarkable increase, being approximately
10,961 short tons, worth $947,196, compared to 881 tons in 1908. The exports
of spelter fell off slightly, being 2487 tons, as against 2648 tons in 1908.

The exports of zinc dross were 7306 tons, valued at $494,158, compared
to 8405 tons in igoS.

CONSUMPTION.

The apparent consumption of spelter in 1909 may be calculated as
follows : The sum of the stock on hand at the smelters at the beginning
of the year, 19,622 tons, plus the imports, 10,961 tons, and the production.
268,215 tons, gives the total available supply, 298,798 tons. From this there
is to be subtracted the exports, 2487 tons, and the stock on hand at the
smelters at the close of the year (to be exact, on hand December 15),
10,546 tons, a total of 13.033 tons, leaving a balance of 285,765 tons as the
apparent consumption. This calculation takes no account of the stocks of
spelter held by dealers for speculative purposes. On comparing the con-
sumption in 1909 with the 215,401 tons in 1908, the 228,524 tons in 1907,
and the 220,781 tons in 1906, it seems probable that considerable stocks
are held by dealers.

PRICES.

, Spelter opened at St. Louis in January at 5 cents per pound, but
dropped to 4.52 cents per pound late in February. A gradual rise carried
prices up to 6.27 cents near the close of the year. The average St. Louis
price of prime western spelter for the year was 5.4 cents per pound.

CALORIFIC VALUE OF PEAT.

The following interesting information is furnished by the Deputy United
States Consul at Cork, Ireland

:

The calorific value of 10 tons of peat, freshly dug and untreated, is

assumed to equal that of i ton of ordinary coal. There are in Ireland

2,800,000 acres of unutilized bog land with a depth varying from 16 to 30
feet. There are 18,231 tons of peat to i acre of bog and this would be
equivalent to 1823 tons of coal. Accordingly the total calorific value of

the bog lands of Ireland is estimated as being approximately equal to that

of 5,104,000,000 tons of coal. Moreover, at least half of this quantity
could be conservatively counted on as available ultimately for steam-raising
purposes. Peat fuel equal to coal could be produced in selected localities

in Ireland at $1.75 per ton.

Some authorities maintain that the peat bogs are reproductive, and
that in some cases the bogs increase in thickness 5 or 6 inches a year,

according to the nature of the flora. This is simply theory, however, and
there is doubt as to whether they are recuperative at all. In case repro-

duction be at all feasible, the life of the bogs as a fuel reserve would, under
adequate conservation, be capalile of indefinite extension.
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STEEL IN FREIGHT CAR CONSTRUCTION.

BY

C. A. SELEY,
Mechanical Engineer, C. R. I. & P. Ry.

[It has been the custom among designers of freight cars either with

underframes of steel or of wood to depend upon the strength of the under-
frame alone in making computations for a specified carrying capacity,

despite the fact that the superstructure in many cases can and does consti-

tute a truss. The author presents the evolution in design of structural-

steel freight cars, with which he has been closely identified, where the value
of the superstructure as a truss has been duly considered as an element of

strength and in reducing weight.]

In the history of American raih-oad-car bttilding and espe-

cially of freight cars, it is found that steel did not play an

important part as a body material until very recent years. Iron

and steel have always been used for bolts, rods, and other fasten-

ings, but wood has been the principal material for the framing,

flooring, lining, and roofing of the majority of cars. Wood was
first displaced by iron or steel in the truck construction and side

frames ; cross frames and bolsters have been successively changed

so that now wood is seldom found in modern freight-car trucks.

In car bodies steel was slower in obtaining recognition and use

in lieu of wood ; first in bolsters and then gradually into the

sills and framing.

There is very little authoritative literature on freight-car

construction. It is mainly found in technical journals, club and

society proceedings, and the M. C. B. Association standards and

rules which have undoubtedly contributed most to the uniformity

of car design in its general feattu'es.

In the designing of wooden cars, particularly those having

superstructiu'es, it was the C(immon practice to provide for the

278



SrEKf, IX Freight Car Construction. 2/9

carrying strength in the under framing and not depending on

the superstructure framing for carrying any part of the calcu-

lated load. Not only was this the general practice of car design-

ers and builders but the principle has been discussed and approved

at Railroad Club meetings which are on record.

The writer could not agree to this theory of design as applied

to general car construction. It might be advisable as regards

ordinary house cars of wood construction, but with other types

of cars, particularly those presenting an unbroken side, such as

flat-bottomed or hopper gondolas, there is such an opportunity

presented for a truss or a plate girder of proper depth as to give

Fig

any strength required with a minimum of material. The writer

has since found the same principle to apply in house car designs.

There was no opportunity to make a demonstration of his belief

that the side frajning of a car could be successfully used in

carrying a considerable proportion of the load until the year

1900, when as Mechanical Engineer of the X. & W. Ry. he

designed a steel framing for a 40-ton flat-bottomed, drop-door

gondola, using wood for floor, side, and end lining. Five hun-

dred cars were built at that time and twenty-five hundred cars

two years later, thoroughly and successfully demonstrating the

principle involved.

Photographs showing the design, using channel centre sills.
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built-up-body bolsters, and trussed side framing made of stand-

ard sections of angles, channels, etc.

Fig. I shows a completed car with load and was the first car

of this kind and series ever built.

Fig. 2 shows the steel framing before the application of the

wood floor and lining as viewed from the side.

Fig. 3 is the same except that the view point is at the end.

Fig. 4 is of another completed car of the same type, but of

another series built two years later and on the original drawings.

Attention is called to the neat, trim appearance of these cars, the

readiness with which they can be inspected, their light weight,

yet withal a stiff, staunch construction.

Drawings ana description of this car were first published in

Fig. 2.

the April, 1900, issue of the Ainerican Engineer and Railroad

Journal and also in other papers.

Following the successful application of the trussed side frame

to the flat-bottom gondolas, designs were made for hopper cars

which have been copied more or less exactly in many thousands

of cars on various railroads. Photographs showing some
hopper designs : Fig. 5 is of a steel underframe with wooden
stakes and box, designed before my connection with the road

owning them and a lot of 1000 were built with which v/e had

some varied experiences. There being nothing on the diagonal

except the chute planks, these had to take the full effect of fore

and aft movement of the body when shocks occurred in trains of

these cars when empty, and we had the fastenings of these

planks fail in large numbers, so as to require a modification that
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would permit a certain amount of swing. When loaded the

wedge effect of the load did not permit the movement which so

strongly manifested itself in cars running empty.

After our experience with the trussed-side, fiat-bottomed

gondolas shown in Figs, i to 4, it was determined to apply the

principle to the hopper design, which resulted in the car Fig. 6,

this photograph being of the first car of the design and series

ever Imilt. It will be noted that there is an open centre panel

Fig. 3.

and that several of the vertical members are extended below the

bottom chord of the truss to assist in carrying the door supports.

The steel frame-work for one of these cars is shown by Fig. 7
as view^ed from the side and Fig. 8 as viewed from the end.

Drawings and descriptions were first published in the Feb-

ruary, 1901, issue of the American Engineer and Railroad

Journal, and also in other papers.

The I). & H. Co. copied the truss side feature, but with a

different door ari-angement : the steel frame is shown bv Fig. 9,

and a completed car by h^ig. 10.
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Ordinary bridge truss formulas were used in calculating the

foregoing N. & W. Ry. Co. designs and subsequent performance
shows these to have been properly used. In 1902 it was deter-

FlG.

mined to build some box cars with complete steel framing, but

with wood flooring, lining, sheathing, and roofing. Box cars have

side doorways, which do not permit of an uninterrupted truss.

The centre panel of the Burr truss of 5 panels which most closely

Fig.

approximates car framing is filled witli an "X-bracing" which

serves to carry over to the other side strains resulting from
unsymmetrical loading of the structure. We must, however,

leave the side doorways of the box car clear openings and just
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how to take care of the shear in case of unsymmetrical loading

was first to be settled.

A wooden model of the side frames was made on a scale of

I inch equal to i foot. The posts and braces were notched over

sills and plates and the latter was reduced so as to have no

strength as through members or sills. A floor was laid and the

whole structure mounted on the bolster bearings. A silk line

was stretched and marks made for indicating deflection. The
floor was then covered with cast-iron washers and although the

complete model weighed but 2^ pounds it sustained over 200

pounds of loading. The load was then removed from the ends

which resulted in increasing the centre deflection.

Fig. 6.

A considerable number of unsymmetrical arrangements of

the load were tried and the gauging points on the frame showed

the " S " curve indicating shear in the centre panel, but from

deductions assumed from the results of these tests, use of some

formulas on models and other calculations it seemed as though

the " X-bracing " in centre doorways might be omitted if the

top and bottom members were slightly reinforced. As a matter

of fact, however, the sections used in these side trusses are

excessive for the strength required in order to have thickness

of material that will stand the waste and corrosion in railway

service, and as some of the members are combined in the

structure for other purposes as well, it is not difticult to get

proper strength to resist shear in the doorway.
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The first box cars built after this fashion proved that the

calculations were correct and now many thousands of steel-

frame box cars, stock cars, and other house cars have demon-

strated the feasibility of the design.

I regret not having a photograph of the very first steel-

frame box car built from my design, but one from a later series

is shown in Fig. 12. This is not as complete as one which will

be shown later. The open centre panel at doorway in the sides

may be particularly noted. Fig. 13 is of this same frame as

viewed from the end, and it will be noticed that in a general way

Fig.

there is a consistency and similarity in all the designs whether

liopper or flat-bottomed gondolas or for box or other house cars.

Fig. 14 represents a complete steel-frame box car, and the

only way to identify its construction is by the absence of truss

rods under the car and its clear, open appearance facilitating

inspection and examination. This car is of the American Rail-

way Association dimensions, viz. : 36 feet long by 8 feet 6 inches

wide by 8 feet high (inside measurement).

Fig. 15 is another complete steel-frame for a bo.x car, one

of my later designs, and is somewhat more complete than Figs.

12 and 13 in showing the steel girths in sides and ends. These

assist materially in holding the ends of the car to resist the

shock of shifting loads. The corner and end intermediate posts

are securely riveted top and lx)ttom and with an inside end
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wooden linini;- 1)4 inches thick, making an end construction that

cannot be approaclied in wood construction. If photographs

were availal^le I could also show a new design of furniture car

40 feet long. 9 feet wide, and 10 feet high in which the side

doors are not dircctl\' opj)Osite hut are each offset 27 inches from

Fig. 8.

the centre line. Idiis is to facilitate loading of automobiles and
other vehicles. It was somewhat of a problem to the designer,

as it called for unsymmetrical side framing and a diagonal con-

nection in the underframing between door posts.

Fig. 16 shows a completed box car, and there are over 6000
of these in service on the C. R. I. & P. and St. L. & S. F.

Vt)L. CLXIX, No. 1012— 15
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These cars are 40 feet long inside by 8 feet 6 inches by 8 feet,

and as the four feet of extra length goes in between the bolsters

the car is not quite -as strong laterally as those of the standard

length of 36 feet made up of similar sections.

The N. & W. steel-frame box car was first described in the

May, 1902, issue of the American Engineer and Railroad Journal

and also in other papers.

Fig. 17 shows the steel frame, and Fig. 18 a complete stock

car which is an interesting example of this type of construction.

The wooden slats are secured to the inside of the steel frame,

leaving the latter outside and exposed.

Fig. q.

A number of designers have used steel underframes for

freight cars, placing thereon a wood superstructure. In the

case of house cars, however, there are many reasons why a

complete steel frame is superior to the above arrangement. Any
steel frame is designed to work within small limits of deflection,

while the wood structure cannot be so limited, so that the two do

not combine well. The requirements of modern train service

are better met by steel framing as it is almost impossible to so

frame an end for a wooden car that it will successfully stand

the shocks in switching and road service. Steel framing also

resists bulging of the sides as the tension members are given a

bowstring effect by the loading. Steel-frame cars do not sag-,

sway, or work so as to require the constant tightening up, renail-
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ing, etc., as is necessary on wooden cars. It is now very difficult

to find lumber at all suitable for car framing and the prices

ha\'e equalized so that steel can be used for framing at aljout

Fir,. 10.

»«7' ,-«it "*•

equal or better cost than wood. As to whether we should go
further than that in the use of steel is a question to be decided

b^' local conditions, service, etc. Lumber is still available for

Fig.

flooring, lining, and covering, and probably will l>e for some
years.

Considerations of weight and strength are of much interest

in car designing and especially so in introducing steel wholly or

in part in place of wood. Composite construction particularly
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favors economy of weight in open cars, giving high percentages

of revenue load with low dead weight and the advantages of

strength and durability. In steel-frame house cars, how'ever,

these percentages of revenue load are necessarily lower as the

proportion of wood is higher than in open cars, this for roofing,

lining, and sheathing, and the nailing strips for securing them.

The w^ell-designed steel-frame box car need not weigh more than

a well-designed wooden car and be a better, stronger, and longer-

lived car.

The economical application of wood for liners, nailing strips,

and fillers is the more difficult part of the design of steel-framed

Fig. 12.

house cars in order to keep the weight down and still offer an

adequate fastening surface to which to nail sheathing and lining.

Extensive use of cars of these types of construction has

developed considerable information of interest. The cost of

repairs of freight cars is not generally divided on railroads mto

sufficient detail to show the comparative costs for wooden and

for steel or composite cars, but such information as we have is

greatly in favor of the steel-framed cars. In heavy repairs of

wooden cars the cost may be divided into from two-thirds to

three-quarters for material and from one-quarter to one-third for

labor. When steel is used for framing the proportions are

reversed, the larger part for labor and the lesser for material.
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In other words, the steel is again usable even though more or

less damaged. Shocks which would break wooden members

Fio. 13.

SO as to re(iuire their replacement would in most cases merely

bend or distort a steel one. which may be reailily straightened

and returned to service. A badlv wrecked steel-t'rame car
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looks rather discouraging to one not accustomed to handle such

matters, but experience has shown this not to be as bad as it

seems. Hand methods have been found most available in hand-

ling work of this character, as machinery is of little avail, except

in manufacture.

Freight cars get very rough usage and have to stand severe

shocks, and ofttimes these are cornering or diagonal which at

the time may not break the wooden car but result in its spring-

ing back and concealing the damage.

The steel-frame car under these conditions will sometimes*

yield and stay bent laterally and act as a tell-tale of unfair usage.

There is a considerable question as to how far to go in providing

Fig. 14.

lateral strength and stiiifening in a car frame. If we consider

the strength required for the vertical stresses of loading and

impact, we naturally get a proportion of lateral stiffness from
.the flanges of the channels or other sections used for sills. The
crossbearers. bolsters, and festening of the floor serves to bind

the bottom framing so as to give considerable lateral strength.

Tliere has been some criticism, as to lateral weakness of some
steel-frame box cars which are amply strong for carrying their

load in normal operation, but w'ill not stand severe cornering

shocks without distortion, which occurs between the bolsters.

It has been found that in most cases these distorted cars can l>e

jacked back to straight lines without the necessity for cutting

them apart, and in view of the cheapness of this class of repair
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it would seem to indicate a desirable economy in the original

construction rather than a justification for an additional expen-

diture for stiffening the frame.

For instance, if these cars are built with a steel side frame

and with two-channel centre sills not cover-plated but spacer-

bolted and riveted to bolsters, crossbearers, and end plates, if

the centre sills by calculation show sufficient strength for carry-

ing their proportion of load, a cover plate would only give an

advantasfe of a certain amount of lateral stiffness. Such a cover-

plate would cost say $12 per car, and if we are to build 1000

cars it amounts to $12,000 for a partial insurance against lateral

distortion, as it would not be a complete one.

If we should have a dozen distortions a year, and that would

be a large proportion for 1000 cars, they could be repaired for

a hundred dollars or so. We can afford to do this each year

for the life of the 1000 cars and still save a large proportion of

the cost of the cover-plating. During the consideration of a

certain design it was proposed to splice the sills at the bolsters

as this was thought to iavor repairs in the case of end damage.

It was found that it would cost $2 more per car than if the

sills were run through solid to the ends. On 1000 cars this

would cost $2,000 and the numl^er of these cars receiving end

damage, the repair of which would be facilitated by a splice in

the sills, would be so small as to be insignificant and the expen-

diture almost a total loss.

It is our conviction, therefore, that simple, direct methods of

design, looking towards such strength as may be required for

normal operation, with such reserve as may be necessary for

waste, wear, and corrosion to cover average life will give best

economic results, and to provide for more than that, adds

unnecessary weight and cost for which tliere is not adequate

return.

The question mav be raised that if steel is such a good thing

for the frame of a car why not cut out the wood altogether and

liave a c(Mnplete steel car. This is undoubtedly true in regard to

some classes of cars and in some localities. Results so far

obtained with all-steel box cars are not favorable. They are

excessively hot in hot weather and to an extent that will damage

some classes of lading, and as box cars are required to carry all

classes of commodities, tin's feature is jjroliibitive of all-steel
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box cars. In cold weather, or when exposed to great changes

of temperature, steel cars will condense the atmospheric moisture

and cause the condition called " sweat," and this is also prohibi-

tive on account of many classes of lading, which require clean,

dry storage when in transit.

For open cars to which the above objections do not apply,

the choice of all-steel or composite construction is governed by
service and cost conditions. On roads serving industries where

Fig. 17.

there is a large proportion of hot lading, as at rolling mills,

smelters, etc., when hot materials are frequently loaded direct

into cars, all-steel construction is the better proposition. If such

conditions do not prevail, then the comparative cost of all-

steel and of composite construction together with consideration

of repair facilities may be taken into consideration. It has been

amply proven that the questions of weight, percentage of revenue

load, cost and facility of repairs, durability, and general relia-

bility can be as strongly claimed for composite construction as

for all-steel when both have an equal weight of other factors

affecting the question. Many designs of all-steel cars have given
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magnificent results, and it is not the intention to detract from

their merits. At the same time, having been concerned in the

development of the composite construction of freight cars that

has grown to considerable proportions, the writer has welcomed

this opportunity to present for your consideration some of the

features of a verv interesting develo]iment in railway transpor-

tation.

Neither the writer nor any one connected w^ith the X. & W.
Ry. made any attempt toward patenting the car designs made by

him. It is now several years since they have been public prop-

erty, and they have been very extensively copied by railroads, car

companies, and others, the only returns to the writer being a

Fig. 18.

sense of satisfaction and pride of aciiievement as a successful

designer. Papers describing and illustrating thc-^e theories of

car construction have been contributed to the railway press or to

railway clubs, some of these being as follows: Paper read

before the Richmond Railway Club. May 8. 1902; Paper in the

American Engineer and Railroad Journal, Jan.. 1903; Paper

read before the Western Railway Club, March 15. 1904: Address

to students of Purdue Uni\ersity, April 11. 1905.

It is now nearlv ten years since the first developments on the

lines described abcne. and while the freight equipment of the

countrv is still largely of wooden construction, the new cars that

are being built are mainly with steel used to a very considerable

extent in their framing and the tendency is very considerably

on the lines which have been indicated of composite construction.
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IRON IN THE BIRMINGHAM DISTRICT.

REPORT ON ORES^ FUELS^ AND FLUXES.

The United States Geological Survey has just published as its Bulletin

400 a report on the iron ores, fuels, and fluxes of the Birmingham district,

Alabama, by E. F. Burchard, Charles Butts, and E. C. Eckel. The term
" Birmingham district " denotes the region whose mining industries are

tributary to the blast-furnaces grouped around Birmingham—a region com-
prising a northeast-southeast belt about 10 miles wide and 75 miles long.

The report sketches the general geology of this region, discusses the origin

and geologic relations of the iron ores, and describes the numerous deposits.

The methods of mining and prospecting are also described. In the section

on fuels the available quantity and the composition of the coking coals

are discussed, as well as the methods of coking and the character of the

coke. The limestones and dolomites that are used as fluxes are also briefly

considered.
IRON ENOUGH TO LAST A CE.MTURY.

Since 1894 Alabama has held third place among the iron-mining States

and in 1909 produced more than 4,000,000 long tons of ore. Of this total

product the Birmingham district produced over 3,000,000 tons. Practically

all this ore is made into pig-iron in the Birmingham district, in which
there are 29 coke furnaces. The ores, broadly considered, are of two kinds

—

red or Clinton ore and brown ore. Seven-eighths of the ore mined in the

district is red ore. It is estimated that 500,000,000 tons of the red ore

are available for mining by present methods—a supply that will last more
than a hundred years.

VALUABLE MAPS.

The report contains 200 pages of text, a large geologic map of the

district, a map showing its economic features—deposits of iron ore, coal,

and limestone, the mines, quarries, railroads, blast-furnaces, and steel plants

—

and other maps and illustrations, and can be obtained without charge by
applying to the Director of the Survey at Washington.

MANGANESE DEPOSITS OF THE UNITED STATES.
PRELIMINARY REPORT BY GEOLOGICAL SURVEY.

A detailed report on the manganese deposits of the United States, by
E. C. Harder, of the United States Geological Survey, is in preparation for

publication, and a brief digest of the main portions of that report appears
in the Survey's Bulletin 38o^E, just published as an advance chapter from
" Contributions to Economic Geology, 1908, Part i." The preliminary paper
contains notes on the sources and uses of manganese and the present status

of the industry, together with brief descriptions of the principal localities

where the ores are obtained.

SOURCES OF MANGANESE.

Manganese is in this country derived from four classes of materials.

Manganese ores comprise the o.xides and the carbonate of manganese.
The most abundant deposits arc in the .Appalachian and Piedmont regions,

in the southern part of the Mississippi Vallej', and on the Pacific coast.

Manganiferous iron ores consist of a mi.xture of any oxide or the car-

bonate of iron with any o.xide or the carbonate of manganese. They occur

chiefly in the New England, Appalachian, and Lake Superior regions.

Manganiferous silver ores consist of a mixture of manganese and iron

oxides with small amounts of silver sulphide and lead carbonate and in some
places of gold. They are found in the Rocky Mountain and Great Basin
regions.

Manganiferous rinc residuum is obtained from zinc volatilizing and oxi-

dizing furnaces using zinc ores from the Franklin Furnace district, in New
Jersey.
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OCCURRENCE OF THE ORES.

The ores of one or another of these various classes occur in many parts
of the country, but the chief producing States at present are Virginia, Ten-
nessee, South Carolina, and California. In Virginia the principal deposits
are in the James River valley near Lynchburg, on the west slope of the Blue
Ridge from Port Royal to Roanoke, and in several belts in the New River
region. The Tennessee deposits are the southward continuation of those of
the Appalachian Valley in Virginia, and occur mainly in Cocke, Unicoi, and
Johnson counties. In South Carolina the most important deposits are near
McCormick, in Aljl)eville County. The principal California deposits are
near Livermore, in .\lanieda and Santa Clara counties.

USES OF M-VNGANESE.

The uses of manganese in the industries are metallurgical, in the manu-
facture of alloys and in copper and silver reduction, and chemical, as an
oxidizer and a coloring agent. The principal alloys, spiegeleisen and ferro-
nianganese, are used in various ways in the steel industry, the addition of
small quantities of manganese giving to steel hardness, ductility, and strength.
Manganese bronze is used for steaml)oat propellers and other alloys are
used for coins, statuary, and ornamental purposes.

THE MANG.VNESE INDUSTRY.

Little manganese ore is now mined in the United States, the total in

1907 being only 5O04 tons, against 209,032 tons imported, chietly from India,

Brazil, Cuba, and the East Indies. The average grade of the domestic ores
is much lower than that of the imported ores and they require considerable
treatment to prepare them for the market.

Virginia is by far the largest producer of manganese, furnishing more
than four-fifths of the 1907 outi)ut and more than 55 per cent, of the total
production in the United States to January i, 1908—396.623 tons.

VANADIUM.
UNDEVELOPED DEPOSITS IN THE UNITED STATES.

Deposits of ores of vanadium, one of the rare metals, occur at several
places in the western part of the United States.

VANADIUM A STEEL TOUGHENER.

The most important use of vanadium so far discovered is as an alloy
of steel, to which it adds remarkable toughness. Its effect in steel is said
to be due to its removal of oxygen and nitrogen, to its union in a solid
solution with the iron, and to its formation of carbides that increase the
strength of the steel. It is said that steel treated with vanadium has great
resistance to shock and to fatigue caused by constant bending, that it

makes much better saws and springs, and that high-carbon vanadium steels

also make much better tools, such as cutters and riveting dies. About o.i

per cent, of vanadium is used for deoxidizing and denitrogenizing steel,

and about 0.25 per cent, of vanadium is left in the steel itself. It is

ordinarily used with chromium or manganese, or both, to which nickel may
also be added.

OTHER USES OF VANADIUM.
Vanadium has also been used in cast-iron with good effect, and experi-

ments with brass and bronze show that it may he used with advantage in
these alloys.

Vanadium salts are said to be favorable to the growth of plants

;

vanadyl phosphate acts physiologically like potassium permanganate : from
vanadates and tannic acid a waterproof black ink is made : vanadium salts
are used in coloring glass : metavanadic acid has been used as a substitute
tor gold lironzc in paint : vanadium chloride is used as a mordant in
printing fabrics, and the trioxide as a mordant in dyeing. Vanadium com-
pounds are used for several purposes in chemistry.
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(Stated meeting, held Thursday, February 17, 1910.)

AUTOMATIC SIGNALS FOR ELECTRIC RAILWAYS.

BY

CARL P. NACHOD, E.E.,

Centra! Manager, Nachod Signal Company, Philadelphia.

[This paper is a brief review of the general field of Electric Railway
Signalling together with a fuller description of a particular type of contact
system.]

Automatic Electric Railway Signalling may be divided into

two kinds as regards control of the signals, namely, the track

circuit, and the contact systems.

In the former, as first used on the steam roads and developed

by them, the rails are separated by insulated joints into blocks of

not more than a mile long. Fig. i shows such a joint, metallic

contact between the abutting rail ends and fish-plate being pre-

vented by fibrous insulation, which is used also as a bushing for

the connecting bolts. The wood ties and ballast form the only

insulation between the two rails themselves. A low voltage

batter}'—two gravity cells in multiple—is connected across the

track at one end of the block, and a relay, consisting- of an

electro-magnet having a contact making armature, at the other

end. Fig. 2 shows the track circuit in its simplest form. When
the block is clear there is thus a current continuously flowing

from the battery up one rail, through the relay magnet, down the

other rail, back to the battery. The relay magnet, being con-

tinuously excited, attracts its armature, which is arranged to hold

closed a pair of contacts in an independent local circuit. Cur-

rent flowing in this circuit when these contacts are closed keeps

the signal mechanism indicating clear. When a train, or even

a pair of wheels enters the insulated block, the current is shunted

from the rela}', through the wheels, by virtue of their relatively

low resistance, causing the armature to drop, opening tlie local

298
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circuit, and penniliin^- llic semaphore or other indicating mechan-

ism to go to danger by gravity. This (b'opping of the armature

might be occasioned as well by the failure of the circuit at any

point, or in any manner, such as by the breaking of the rail. In

addition to this the track switches may be interlocked so that, if

misplaced, they will short circuit the rails in the same manner

as bv a train, and indicate danger. The conditions of safety

are therefore very well met according to this system.

The amount of energy delivered to the block for signalling is

surprisingly small, considering tlie importance of the work done

1"'
I O . I

.

Insulated rail joint.

and the many human lives to l>e safeguarded, being rarely more
than half a watt. At least one-half of this is wasted, due to

leakage from rail to rail, and the relay operates on less than one-

fourth of a watt. A type of d.c. relay is illustrated in Fig. 3.

It is a delicate instrument, having the contacts sealed in glass

to protect them from atmospheric influence.

The continuous track circuit indicates by the f^rcsoicc of a

train ; and such indication will remain so long as the train is

in the block, regardless of whether it is moving.' or which way
it is moving. It has been used on steam roads and for other simi-

lar purposes since 1857.
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Against the advantages enumerated above of such a track-

circuit system, the objections are the difficulty of maintaining

the insulation between the rails in wet weather, and especially if

the roadway is impregnated with brine drippings from refrig-

erator cars; the influence of foreign or stray currents on the

delicate signal current, due particularly to the earth return of

Electric Railways ; and the maintenance of the batteries.

On Electric Railways the track-circuit system may not be

applied in so ideally simple a manner as indicated above, since

the relatively enormous return propulsion current through the

Fig. 2.

T ^ Track Bc?-^+eri/

T T" ^ ^
/nsu/o^sc/ /fa/7 >Jo/rpf

/r'e/ay

13"

C/ea/

7h 5e/77apho/-e

/^ec/7t7r?/\sm

Essential diagram of track circuit.

rails would conflict witli the signalling current. Fortunately,

however, the essential principle can be retained by means of

alternating current for signalling, which by its inductive proper-

ties may be caused to act selectively upon suitable signal

apparatus.

Fig. 4 shows a system suitable for subway or elevated roads

with short blocks. Only one rail can be used for the traction cur-

rent return, the other being insulated from the earth and divided

into l)locks by insulated joints as above described, this rail being

reserved for signalling. Protection against a broken rail is

not given with a single rail system. The track is energized from
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the a.c. si^i^nal mains at aboui 7 volts, 25 cycles through the

transformer connected at one end of the block. The relay

is connected at the other end ; and a non-inducti\e resistance

in series with it, and a reactance coil shunting- it, limit the

amonnt of direct current passinj^- lhrr)Ui4h it. due to the \'oltage

Fig

Type of direct-current track relay.

drop through the return rail. The relay sliown in l-'ig-. 5 acts on

the induction princii)le. and consists t)f an aluminum \ane or disk

pivoted between the poles of an electro-mai^net. and carrying

contacts, a motion of the \ane beinj^- caused b\- alternating' current

only.

l''i<i". (^ shows a system for longer blocks, where lH)th rails

Vol.. CLXIX, No. 1012— 16
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are used for the return of the propulsion current. A broken rail

will give a danger indication with this system. The feature of

interest is the reactance bond, rendering the adjacent blocks

electricall}^ continuous for the traction current, but separating

them for sigrialling. The traction current flowing equally in each

rail enters the bond at its opposite ends, leaving by the middle,

and enters the bond on the next block at the middle, leaving at

the ends and continues through the block. The magnetizing

Fig. 4.

Tro//ey o/- 3 r-c/ ffo/'/

Fose

B/ocJf ffo/.l

Reac'f'ance Co//

/fc/oc,

Trans/orme^ ummi

/f. C. S/^rfo/
GeneraZ-o/"

S/q/?a/ /^a/^s

Single-rail alternating-current signal system.

effect on the iron of the bond will be nil since the currents are

equal and opposite. The bond, however, opposes a high react-

ance to the alternating signal current from rail to rail.*

In contact systems, on the other hand, the display of the

signal is dependent on the car or train having passed a given point

where a contact device is located. In general, while these are

hardlv as safe as the trJick circuit svstems, thev are verv much

* For articles on track circuit systems see : Electrical World & Engineer,
Aug. 23, 1902, p. 272; The Signal Engineer, July 1909. p. y] ; Electric

Journal, July, Aug., Sept., Oct., 1907.
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less expensive. Tlie contacts are arranged to be made either by

the trolley wheel overhead, by a separate contact shoe, by the car

wheel itself, or by a short insulated track section. In the first

method it is out of the way of malicious interference, or of that

by traffic, such as teams. Overhead contact systems are of two

Fig. 5.

Type of altematinjj-current track relay.

kinds: those containing- movin<;- parts, and those without theuL

in the former case a trigger or pendulum hanging down over the

trolley wire, is struck by the wheel in one direction or the other,

making either of two contacts so as to set or clear the signal.

The moving- parts in these, which must be complicated by an

inertia device or a dash pot to prolong- the excessively short
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contact, are inaccessible for inspection and maintenance, and the

blo\\' produced by the wheel at high speeds is serious, tending to

throw the wheel from the wire or destroy the trigger.

Contact switches without moving parts are usually of the

shunt type, the metallic wheel bridging two strips and diverting

a current through the magnet to be operated. In the series type

the entire car current passes through the signal magnet, in conse-

quence of which, if the car should drift under the switch with the

controller off. the signal would not be operated.

They may be arranged as non-directional, that is, so as to

cause the same impulse of current for actuating the signals, irre-

FiG. 6.

/nsu/a/ee^ /fa// i7b/r>/

/feac/ance 3or?c^

/?e/c'y

7?-a/7J /o/'/77sr mmt\

Double-rail alternating-current signal system.

spective of which direction the car is ino\ing: or directional, one

strip being divided electrically and connected in combination

with reversing magnets, so as to set or clear the signals according

to the direction of the car. a self-explanatory scheme of connec-

tions l)eing shown in Fig. 7.

Signal indications ma\- be given bv pcjsiti^jn or color. For

day lx>th are in general use. Init by nigiu color only in the form

of light has attained an)- wide-spread recognition. Red is always

employed for danger or stop. Imt usage is not uniform for the

other colors, the commonest ])erhaps being green for caution and

white for clear. There is a present tendency toward white or

yellow for caution, and green for clear.
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The scnia])h()i-e is the iiKjsl easily discernible ff^rm of signal

aspect, and C(jnsisls (;f an arm which at danger is at a horizontal

position, as though it were a bar across the track to ])revent the

passage of tlie train. When clear, the arm is mox-ed to a vertical

])ositi()n. either ii]) or down; the former, called ui)])er (juadrant

signalling, has tlie point of safety that accumulations of snow or

ice increase the tendency of the arm t(; fall to danger. The
intermediate (45 degree) position is also frequently used as a

cautionary signal. The semaphore is usually arranged to fall

to danger b\' gra\il\ and lield to clear by the current in the

system. Ilie dri\ ing ])o\\er is compressed air controlled through

Fig. 7.

O/ea/'/no A7ao/7e^

Tro//ec^ y//re

Se'^'f'/na f^aarye'f

Groc/r/d Groanc/.

Diagram of connections for directional contact switch.

electro-magnetic \al\cs. or electricity, applied either through a

suitably geared motor, or by the direct pull of a solenoid.

The objection to the semaphore is that on account of its

being exposed to the elements, the effect of rust, snow and ice

is to require considerable excess power to operate it. an elalx)rale

installation thereby becoming necessary.

Fig". 8 shows a motor-driven semaphore-mechanism local eil

at the base of the semaphore pole, and Fig. 9 a sim])ler mechan-

ism i^laced at the top of the ])ole. They consist essentially of a

motor, gearing, clutcli, switches and dash pot. The motor is

of high efficiency, batterx- driven, consuming about jo watts.

The commutator is ulass-enclosed.
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Fig. 8.

Semaphore mechanism at base of pole.

The enclosed di.sk indication, in which a hghi opaque disk

appears or is with(h-awn from an opening- covered with clear

glass, though inferior to the semaphore as regards visibility,
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makes a reliable day indication. On account of its being- pro-

tected from adverse weather conditions the construction may be

simple and the jx)wer to operate it quite small. Where electric

light is used as illuminant, the heat from it is sufficient to prevent

any obscuration of signals by snow on the cover glass.

Signals are arranged so that when no car or train is on the

block, they will be either at clear, when they are known as normal

Fig

Semaphore mechanism at top of pole.

clear systems, or at danger, as normal danger systems. Both

systems have their advocates, and there does not seem to be a

marked preponderance in the use of one over the other.

The contact system to be further described is intended for

electric railways, wholly or partly single track, where cars run

both ways on the single track parts. In track circuit systems in

general the signal is located at the insulated track' section, which

is the entrance of the block, and the engineman of the train enter-

ing the block assumes that the signal he leaves behind will drop
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to danger; nor does he look behind him to see that it has, before

proceeding. In the class of signals to be described, however, it

is desirable that the signal indication shonld be set sufficiently in

advance of the contact device for setting, that the motornian

may see the effect of his passing the device before he enters the

block. In such a case a three-indication signal is preferable, hav-

ing a neutral indication ^^•hich can Ijc changed to proceed or stop

by the passage of cars, the neutral indication meaning that a

motorman may pass the contact device, the block being pre-

sumabl)' clear. In this manner the motorman jM'otects himself

with signals before passing the indication.

When the motorman about to enter th.e section of single track

perceives that the signals are neutral, it indicates that there is

no car on the block of single track, pro\'ided the signal system

is operative. As his car passes under the contact switch, the

trolle}' wheel causes an impulse of current to flow through the

relay, which has the effect of setting' permissive signals in front

of him and danger signals at the other end of the l^lock simul-

taneously, the circuit of the permissive signals 1)eing completed

through that of the danger signals. The former is therefore an

indication that the latter are displayed. Night and day signals

are given at the same time in each Ijox bv a light and an opaque

disk of the same color ; for a light alone, under certain conditions

of direct sunshine and low voltage, is very unreliable as a day

indication ; but the conditions that are against a light indication

are all the more favorable for the disk indication, and vice versa.

The motorman having seen that the effect of his car running

under the contact switch has l)een to set the signals, and that

he has thereby protected himself, proceeds past the signal box

into the block. The red signal, meanwhile displayed at the other

end of the l)lock, would prevent a car \\liich might have come

up, from entering against him. \\'hen his car arrives at the end

of the l)lock, it runs under tlie contact switch, causing the signals

to return to normal or neutral indication ; after which the car

held up by the red signal may now proceed into the block, setting

the signals similarlv but oppositely, and passing' out will clear

them.

This signal, however, is used for what is known as per-

missive, as opposed to a1)solute block signalling. .\ number of

cars are admitted into the l)l()ck from one end, and tlie signals
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held ])eniiissi\c at that end. and danger or sl(jp ai the other,

so long- as a car occupies ihe block. In the absolute block system,

on the other hand, when a train occu])ies the block a danger or

stop signal is displayed at both ends of the block.

'J\) illustrate, suppose a car has entered the block and set the

signals; and before it leaves, a following car arrixes at the end

of the block showing wliite. The motomian will understanrl by

this that there is at least one car ahead of him going in the same
direction, and that he ma)' enter the block under control. As his

car runs under the contact switch he obser\es the signal box, and

notices the dash or blink oi the white light that his car causes,

which is an indication that his car is counted in or registered in

the signal relay; and so on for a number of cars following each

other, each recei\ing" its signal that there are other cars ahead of

it, and that it has counted in. When the first car arrives at

the end of the block, in rimning under the contact switch it

causes a Ijlink of the light, but the signals are still set as before.

They so remain until the last car clears them, leaving the block

ready for cars in either direction.

The al)ove is the normal operation, but if a car should enter

the block from one end and back out by the other track at the

same end. using the single track merel\- as a ^' or cross-over,

the signals will be cleared when the car leaves the block. This

makes a very flexible o])eration, as in the complicated case

where a number of cars enter the block from one end. and are

continuousl}' entering and leaving, some leaving by one end and

some by the other, but the signals protect all the cars in the

block, and are cleared onl\- when thev all lea\'e it.

When the red signal is displayed, then the entering switch

at that end of the block is " dead " or cut out of operation, and

indications ma}- not be changed b\- a car running against the

red signal. This is of advantage in two ways. Should a motor-

man intentionally violate the red indication and enter despite it,

and a head-on collision result therein . the signals will not have

been changed, and the responsibility will be placed upon the

ofTender. A knowledge of the certainty of his detection adds a

safety feature to prevent the motorman from attempting to pass

the signal set against him. .\ more frequent u.se of the lock-out

device, as it is called, however, is the case where, two cars

approaching- the block from o])posite ends, one reaches the contact
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switch a moment before the other and, obtaining a permissive

signal, goes ahead. The motorman of the second car sees the red

flash up, but is too near the contact switch to stop before

Fig. io.

Signal box showing white semaphore indication.

Fig, II. Fig. i:

Signal box with front down, showing
semaphore discs, white indicating, and giving
access to lamps and fuses.

Signal box with oil tank removed, exposing
relay. Red semaphore indicating.

passing it. He accordingly brings his car to a stop, and backs

out again to wait, but the contact switch being dead, neither

passage of his car will affect the signals.
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Should two cars run under the contact switches from opposite

ends at exactly the same instant, then the permissive signal will

not remain set by either car. They will therefore back to the

contact switches, and the one reaching it first will hold up the

other car. This of course is ot very infrequent occurrence.

The signal may also be operated as an absolute block system

by leaving the hand clearing switch open, which is equi\alent to

opening the line wire. For instance, a work train, entering the

block to repair the trolley wire, closes the block at both ends by

the motorman of the work train leaving the hand clearing switch

open, when no permissive signals ma}' then be obtained from

either end. In order to leave the signals for normal operation

again, he must close the switch when leaving the block.

In case of failure of line voltage, on its resumption the sig-

nals reappear indicating- the same as before.

The mechanism of the signal itself may be divided into three

parts: (i) the indicating, consisting of the lamps, color lenses

and opaque color disks; (2) the intenncdiate, which is repre-

sented by the relay, which converts the impulses of current caused

by the passage of the car into signal indications; (3) the actuat-

ing, consisting of the overhead trolley contact switches, which

by the passage of the car determine the setting and the clearing

of the signals.

To describe these in the order of their mention, the signal

box, Figs. 10, II and 12, is a cast-iron case, the upper part of

which is devoted to the indicating mechanism. The front cove'-

is hinged to give access to the lamps, and has three openings:

the upper, covered with clear glass through which one or the

other of the color disks may be brought to an indicating position

;

the two lower openings, which have white and red semaphore

lenses, respectively, behind which are lamps. The disk that is

not indicating is used as a screen for the other lens. The disks

are mounted as levers of the first class, counterweighted so as to

fall to the indicating position by gravity, motion being communi-

cated to the disks by means of push rods operated from the relay

magnets below, the connection being such that the quick motion

of the magnet is not transmitted to the color disk, which is

thereby relieved of any shock.

The intermediate mechanism consists of the relay, shown in

the lower part of Fig. 12, which is designed as an independent
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and easily replaceable unit. It consists of a number of iron-

clad electro-magnets of the stopped-plunger type, arranged to

open and close the switches by sliding contact-rings on which

fixed spring-fingers press. The connting means is a magnet-

driven ratchet and pawl. The entire relay, including both

magnet-coils and switch-contacts, is immersed in oil. This pre-

vents rust, lubricates the moving ]^arts continuousl)'. and lessens

Fig. 13.

Three Views of Trolley Switch.— .1, trolley switch, from above: B, trolley switch, from
below, showing trolley wheel running on contact strips; C, end view of switch, showing self

centring inclined contact strips.

the violence of the magnet action, which otherwise might loosen

the parts. It extinguishes the arc at the break, keeps the coils

cool, so as to increase the range of operating current, improves

the insulation of parts, by decrea.sing the leakage distance, per-

mits of compact design, and lessens the liability to lightning

damage. The connections from the relays to the lamps and

incoming leads above are automatically made by spring contacts.

Each of the magnet circuits is .so designed that a powerful cur-

rent .starts the movement of its j^lnnger, but when the latter is
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nearly seated, the ciirreiu is reduced to a safe value, either by

inserting- resistance in its circuit, or shunting current around it.

1Mie trolley switch (Fig. 13) consists of a light angle-iron

frame supporting at its ends through insulating blocks two flexible

inclined contact-strips, the trolley wire being withdrawn during

the length of the contact strips, which are formed to receive the

wheel wdthout shock. One strip is connected to trolley, the

other to ground through the relay. The wheel, being a metallic

conductor, bridges them anrl sets the signal whether the car is

taking jiowcr or not at the instant of passing the switch.

But one line wire is recjuired for this system, and the in-

stallation consists of the hanging of two signal boxes on poles.

I'~ I r, . 14.

Nachod Automatic 3/onal —

L

Diagram of operation—contact system.

and four trolley switches in the four branches leading to the

single track, with the necessary taps to each.

The electrical operation of the signal is shown in Fig. 14
in ^vhich only tlic ])arts essential to a comprehension of the

scheme are gi\en. The ])arts are in position for no car on the

block, in which case each end of the signal wire is g-rounded

through a red lani]) R. With no current in the coils, armatures

drop. The first entering car sends an impulse of current through

magnet A in the relay at the entering" end. o|>erating a two-way
revolving-switch, which transfers that end of the signal wire to

trolley through a white light /[' and a magnet D. This light

and the red one at the other end now burn in series through the

signal wire. Successive following cars turn the revolving switch

so that the contacts overlap further, but make no change in the
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electrical circuit. Each leaving car energizes magnet C to break

temporarily the signal circuit at 9-1, permitting magnet D in the

first relay to drop its armature and revolve the switch in the

reverse direction. When the same number of impulses have been

made on the magnet C as on A, that is, when all the cars that

have entered the block have left it, the signals are cleared and

the connections are as shown. The color disks are brought to

an indicating position by magnets D and one in shunt with R not

shown. A no-voltage magnet, not shown, is interlocked with

magnet D in such a manner as to prevent a motion of the arma-

ture of the latter should the power fail with cars on the block.

TIMBER CONSERVATION ON THE PACIFIC COAST.

The Pacific Coast lumber manufacturers have taken the initiative in

an important step for the promotion of proper and conservative use of

their timber supply. Practically all of the large manufacturers of lumber
in the States of Oregon and Washington have entered into an agreement
to manufacture odd, as well as even lengths in flooring, finish, and similar

planing mill products. Heretofore, it has been customary to manufacture
these products in even lengths only. Now, it is proposed to trim the manu-
factured lumber to lengths of odd numbers as well as even numbers of

feet. Under the old system, a considerable portion of the lumber which
came to the shaping machine was wasted and this action has been taken
in order to save that waste.

Considerable opposition to this innovation has arisen among retailers

and consumers. The retailer contends that it is impossible for him to

dispose of odd length material because of the common practice in the con-
struction of wooden buildings, claiming that the initial saving of the manu-
facturer is transferred to the consumer. This is denied, however, because
of the proportionally small amount of odd length material which will occur
under the new system, and because of the latter day practice of laying sub-

floors of rough lumber and sheathing on the sides of the house before

putting the finishing material in place.

Because of the conservation element which enters into this question,

the United States Forest Service has been recommending the adoption of

odd lengths for some time past. The Portland office of the Service has
recently made an investigation of the actual amount of unnecessary waste
incident to the manufacture of even lengths only, and these figures show
that under the old system the refuse burner consumed about two per cent,

of the total amount of the important forms of planing mill products which
are manufactured from Douglas fir and other important forest species, in

the States of Oregon and Washington.
When it is considered that about 750,000,000 feet of planing mill products

are manufactured annually in the two states mentioned above, this two per

cent, assumes important proportions. The Forest Service is authority for

the statement that 15,000,000 board feet of high priced lumber can be saved

annually in Oregon and Washington by the manufacture of planing mill

products into lengths of odd feet as well as even. It would require the

yearly growth of timber on approximately 30,000 acres of average timber

land to produce the amount of lumber which this annual waste represents.

The manufacturer is convinced that the waste is unnecessary. His greatest

trouble now lies with a similar conviction on the part of the consumer,

that odd lengths can be used as economically as even lengths.
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COST OF STREET LIGHTING AND CLEANING IN LARGE
^ CITIES.

Many interesting comparisons appear in the U. S. Census Bureau's

special annual report on the statistics of the 158 cities having a population

of over 30,000 each for 1907.

The section devoted to the subject of street lighting includes payments
for expenses of street lighting per acre of land area and per capita, lights

classified by kind, number, candle power, price per light per year, number
of hours lighted per year, and average number of each kind of lights to

each 100 miles of streets.

The cities with the highest per capita payments for lights were Yonkers,
New York ($1.59), and Los Angeles ($1.37) ; and those with the largest

payments per acre of land area were Hoboken ($3503), and Boston ($32.00).

Owing to the great length of their unimproved streets, the average number
of lights to 100 miles of streets is very small in some cities. Of the cities

using Welsbach lights, largely in the residence districts, Boston leads in the

number used in proportion to street mileage, followed by Washington,
St. Louis, Cleveland, New York, and Baltimore.

In comparison with similar statistics for 1905, it is interesting to note

that the flat flame gas lamp is fast disappearing from use, the per cent, of

decrease in number reported 'amounting to 43.7. This decrease has been
offset by a large increase in the number of Welsbach. incandescent, and arc

lights.

STREET CLE.VNING COST IN I907.

Street cleaning cost New York City in 1907, $6,941,912, though a portion

of the cost of refuse disposal is includecf in this amount. The city next in

rank was Philadelphia, which paid less than a million dollars for maintaining

its street cleaning department.
Cities of over 300,000 population with a small expense for street cleaning

were Milwaukee ($129,380), New Orleans ($138,993), and Buffalo ($189,683).
The cities with the largest areas cleaned at least once a week were New
York, 25,312,729 square yards, Philadelphia, 17,270,034 square yards, and
Buffalo, 12,736,158 square yards. New Orleans had the smallest such area

for cities of over 300,000 population, or less than one million square yards.

Nearly all of the area in New York, Chicago, and San Francisco subject

to regular cleaning was swept by hand, while most of that in Pittsburg,

Detroit, Boston, and large areas in Philadelphia, Buffalo, and Washington
were swept by machine.

In Buffalo, St. Louis, Cincinnati, and Detroit large areas were cleaned
by flushing, though this method in Buffalo was only an experiment and was
continued for only two weeks. In comparison with similar figures for 1905,

the area regularly cleaned by flushing shows a large increase.

W.VTER SUPPLY SYSTEMS.

Of the 158 cities reported, 117 owned water-supply systems whose esti-

mated value at the close of 1907 was $647,334,495. The revenue receipts

from the public amounted to $52,831,096 and the actual expenses of operation
to $21,231,273. The excess of receipts over operating expenses was. therefore,

$31,599,823, nearly two-fifths of which was consumed in payment of interest

on the outstanding debt. The remainng three-fifths was apparently net

profit, but it is impossible to argue from this result that municipally owned
water-supply systems are exceedingly profitable. Cities owning their water
works do not receive taxes from them, and in few cases charge off a suffi-

cient amount for depreciation. The report states that the financial results

indicate, when these factors are taken into consideration, that few systems are
operated at great profit while some are conducted at an actual loss. Some
cities, however, aim to furnish water to their citizens at cost, and it is
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possible that in such cities water rates are lower than they would be if the
water system was ovyned by private parties.

COST OF CITY GOV'ERN.MENTS.

In the U. S. Census Bureau's special annual report for 1907 on the
statistics of 158 of the largest cities, which is in press, it is shown that the
per capita running expenses of the government in 148 of the largest cities

increased from $13.36 in 1902 to $15.91 in 1907. There has been a progressive
increase in nearly every department of the government. The per capita

increase in the fire department was from $1.33 to $1.61 ; in the health depart-
ment from $0.22 to $0.29; in charities and corrections from $0.86 to $1.06;
and in education from $3.85 to $4.70.

Of special interest in a comparison of the general expenses of the
cities are payments for the maintenance of the health department. In several
cities the state maintains a dispensary or health bureau, but in most cities

nearly all the expense of the care of the public health is borne by the city

alone. New York paid $1,691,560 for the maintenance of its health depart-
ment, or more than 6 times as much as any other city. The other cities

paying more than $200,000 for the maintenance of this department were
Chicago ($261,614), Philadelphia ($253,709), and San Francisco ($240,198).

Cities of over 300,000 population with notably small payments for their

health department were Detroit ('.$32,987), Milwaukee ($40,417), and Buffalo

($44,358). In the smaller cities the large expenditures of Los Angeles and
Oakland, California, reflect payments for the suppression of the Bubonic
plague.

The payments for schools, libraries and art "'•illeries of the cities con-
sidered were 29.6 per cent, of the total running e uses of the government.
Of the cities of over 300,000 population, the percen. 'ge spent for education
v/as highest in Cleveland, Ohio (33.1) : in cities of from 100,000 to 300,000
population the highest percentages were in Scranton, Pa., (51.5), and Seattle,

Wash., (46.2) • in cities of from 50,000 to 100,000 population, in Salt Lake
City (48.2), and Des Moines, Iowa (46.3), and iii' the smaller cities, in

Topeka, Kan. ,(54.5), and Lincoln, Neb., (53.5). Payments for outlays
are not included in the aliove computations.

GYPSUM IN CALIFORNIA.
REPORT BY THE UNITED ST.\TES GEOLOGICAL SURVEY.

The growing use of gypsum as wall plaster (hard plaster) and in

cement, as well as for minor uses, such as in stucco and as a fertilizer, has
created a large demand for knowledge of gypsum deposits. In most States

such knowledge is more easily obtained than in California, where the
gypsum deposits are largely in long stretches of sparsely inhabited regions
in the nearly arid territory along the east side of the Coast Range and in

the Mohave and Colorado deserts.

Little has been published about these deposits, and accurate informa-
tion concerning them is not easy to obtain. The Geological Survey has
just published as Bulletin 413 a report by Frank L. Hess entitled " A recon-
naissance of the gypsum deposits of California." According to Mr. Hess
the gypsum deposits of the State may Ije divided into four classes—efflores-

cent deposits, periodic-lake deposits, intcrbedded deposits, and selenite, or
crystallized gypsum veins. Of these all except the fourth class—the vein.s

—

may locally be of value. ,• ;>

Mr. Hess states briefly the character and origin ot me deposits and de-
scribes them in detail, giving also analj'ses or ])artial analyses of many
specimens.

The report contains a section liy George Steigcr on errors in the c' -m-
ical analysis of gypsum.

Bulletin 413 can be had free of cost by applying to the Director, LInitcd

St.*ites Geological Survey. Washington, D. C.



LUBRICATION AND LUBRICANTS.

(Collated from the article by Charles F. Mabery, Professor of Chemistry,
Case School of Applied Science; Iron Age, January 20, 27, 1910.)

Next to the conservation of the world's fuel supply there is

probably no subject of greater importance in the manufacturing

world than the control of waste power caused by imperfect lubri-

cation and needless friction. Notwithstanding the increasing

interest in more economical methods the immense losses from

this source are scarcely appreciated. Writing on this subject,

Archbutt states that 40 to 80 per cent, of the 10,000,000 H.P.

used in Great Britain is spent in overcoming friction, and much
of this is lost by imperfect or faulty lubrication. The conditions

are probably worse in the United States on account of the cheap-

ness of fuel, but it is safe to say that from 10 to 50 per cent,

of the power employed is lost. Experts frequently find a loss of

50 per cent, or more in large factories spending thousands of

dollars annually for lubrication.

In the preliminary study of the conditions upon which the

results described in this paper depend, the ordinary grades of

babbitt were found much too soft and yielding, under the neces-

sary conditions of speed and oil feed, for such loads as 100 or

150 pounds per square inch of bearing surface. A very hard

alloy was necessary, and one composed approximately of tin

90 per cent., copper 2 per cent., and antimony 8 per cent, gave

satisfactory results. Then to maintain such conditions of load

and speed that any oil could be broken down at any moment, it

was found necessary in order to maintain a high degree of per-

manent evenness to repeatedly machine the journal and bearing

to mechanically true surfaces. If such precautions be essential

in precise quantitative observations, similar precautions are evi-

dently necessary in factory operations.

Before the introduction of petroleum products the manu-
facturer was littlv'^ '^oncemed with the viscosity and other phys-

ical constants of lubricants, for with simple oils or greases of

definite composition he knew their respective lubricating qualities.

Th imperfect lubrication was of less consequence, for the

prices of products were higher and competition less severe than
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now. Then the principles of friction and the importance of its

control were imperfectly understood. In manufacturing opera-

tions, transmission or transportation, modern high speeds and

excessively heavy loads had not to be considered.

Heavy Lubricants.-—-A new era in lubrication began with

the discovery that heavy hydrocarbon oils possessed viscosity,

durability and stability under varying conditions of speed and

load. The lack of knowledge of the hydrocarbons of which the

lubricating oils were composed, and arbitrary methods of refin-

ing, delayed the production of suitable lubricants. Even now no

fundamental changes have been made other than the introduction

of heavier hydrocarbons from crude oil territory recently devel-

oped. Pennsylvania crude oils, of the general composition

Cn^an+z havc always yielded excellent light spindle-oils, mostly

the hydrocarbons CnH^u and C^H^^.^. But such oils have not

the body requisite for lubricants for heavy loads and cylinder

friction. This need led to the compounding of petroleum prod-

ucts with rape or castor oils and animal oils or greases, and

manufacturers grew to believe that no other products would

answer. But the heavy lubricants, carefully distilled and treated,

derived from Texas and California petroleum, are well adapted

and are widely used for bearing's and cylinders. It has been

realized that the ideal would be a solid lubricant embodying the

desirable qualities of the liquid products with a superior w^ear-

ing quality, and a low coefficient of friction, and readily con-

vertible to a form conveniently applicable to the various journals

and bearings. Soapstone, asbestos, natural graphite, etc., do not

entirely possess these fundamental properties. Greases com-

pounded with graphite are useful on low speed bearings and

under heavy work. On cast-iron bearings natural graphite is

excellent, acting as a surface evener of the porous metal ; but on

finer surfaces care is necessary that it should not clot and

scratch or abrade the joUrnal or bearing. Graphite has the

desirable unctuous quality and great durability, when very pure

and finely divided. Whether, in the deflocculated form, the ulti-

mate molecules or atoms have a freedom of movement analogous

to that of liquid molecules under stress of friction, or whatever

may be the reason, it is highly unctuous.

Graphite.—Dr. E. G. Acheson has produced an ideal solid

lubricant in his deflocculated graphite, which is more unctuous
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than ordinary graphite and remains suspended in water and

oils under certain conditions. Owing to its power of forming

coherent films on journals, its wearing qualities and its ease of

application, it is an efficient lubricant.

If a substance which contains non-volatile carbon is sub-

jected to the high temperature of the electric furnace, all the

other elements are readily volatilized and only Acheson graphite

remains. The unctuous graphite, which is formed in the pro-

duction of carborundum, is leafy in structure, coherent, and

greasy or unctuous to the touch, is segregated and not readily

disintegrated. Deflocculated graphite, obtained from coal

or coke alone, is also highly unctuous, but very pulverulent

and capable of extreme subdivision. It is readily deflocculated

and when mixed with water is commercially known as ' aquadag/

when mixed with oil as ' oildag ' (aqua- or oil-Deflocculated

Acheson Graphite).

Under proper conditions deflocculated graphite remains sus-

pended in water, and owing to its extreme fineness a very small

amount so suspended, not over 0.35 per cent., serves as an

efficient lubricant. It is remarkable that such a small quantity

is readily distributed by the water between a journal and bear-

ing, under a load of 70 pounds per square inch of bearing sur-

face, and that it maintains an extremely low coefficient of friction

under high-speed conditions.

Bearing Materials.—The metals composing journal and

bearing have considerable influence on the question of lubrication

even with the best lubricating film intervening. Cast-iron, steel,

bronze, and babbitt alloys are generally used. Extreme care is

necessary with cast-iron bearings in high-si)eed work. In the

accurate adjustment necessary in machine testing of lubricants,

it has proved impossible to prevent injury to the journal when
using a cast-iron bearing, nor is bronze altogether satisfactory.

Properly selected babbitt on a steel journal seems the most

satisfactory. As stated before for satisfactory lubrication both

journal and bearing must be machined to true surfaces, kept

smooth, scratches worked out and bare spots avoided. Ko
factory supervision affords more desirable returns than con-

stant, skilled attention to the condition of journals and bearings.

Lubrication is the reduction of friction to the lowest percentage

of the power used. A lubricant is an unctuous body that forms
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a continuous, coherent, durable film capable of holding apart

rolling or sliding surfaces, and interposing the least possible

resistance itself. The economic problem depends on the use of

such lubricant under suitable conditions.

Lubricants Classified.—Commercial lubricants are water,

oils, greases, and solids. Oils include light spindle, heavy engine

and cylinder products,—either unmixed petroleum hydrocarbons,

or mixtures of these with some one of the vegetable or animal

oils, or with tallow or grease. The greases are generally classi-

fied according to their consistency, dependent on the proportion

of lime or soda soaps mixed with a hydrocarbon oil as a carrier.

Water has no oiliness, but under certain conditions is found to

make the surfaces of cylinders extremely smooth and thus reduces

friction. A practical knowledge of hydrocarbon lubricants

should include both a knowledge of the crude oil from which it

is prepared and the methods of refining. The best products are

obtained by processes that leave the hydrocarbons essentially

of the same composition that they had in the crude oils, but when
the distillation causes decomposition the products are inferior.

Improper refining can be detected by simple tests for the presence

of free acid or free alkali, sodium sulphate or sodium salts of

organic acids—all of which may be injurious to metallic sur-

faces. One of the greatest difficulties in refining is to treat with

just sufficient caustic soda to remove acids and not to introduce

an excess which will form an emulsion. The best refined oils

are those that contain a minute trace of alkali.

Lubricant Tests.—The ordinary tests for lubricating oils

are the detennination of viscosity, specific gravity, the flash and

fire temperatures. There is no accurate method of determining

the oiliness or greasiness by analysis, yet it is readily distin-

guishable and is a factor in the efficiency of lubricants. Authori-

ties differ as to the most efficient methods of testing lubricating

oils. Redwood thinks viscosity is the best guide to lubricating

value, on account of the close relationship between viscosity and

the laws of friction of liquids. As he failed to obtain satisfac-

tory results with any friction testing machine at his disposal,

he concluded that their indications are misleading. He cited

the lack of agreement between the work of Ordway and Wood-
ward, with an apparatus constructed to apply pressures of 40
])Ounds \yev square inch, and that of Tower carried out under
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pressures of 100 to 600 pounds per square inch in an oil-bath

system of lubrication, and the opinions of others on these results,

to show that the conditions did not approximate those of actual

practice. Hence he relies upon viscosity as the most valuable

test of lubricating quality at our disposal. The value of vis-

cosity is recognized, but all do not agree as to its practical relia-

bility. Archbutt considers oiliness or greasiness nearly as

important. He states that at very low speeds the friction of a

journal should be proportional to the viscosity of the oil, but

at high speeds, and therefore increased temperature, the relation

of friction to speed ceases and the viscosity is diminished with a

proportional change in the carrying power of the journal. He
holds that oiliness is of especial importance under heavy loads

and high speeds. Hurst maintains that the test of an oil from a

Fig. 2.
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journal under the practical conditions of its use, shows con-

clusively its adaptability to such use.

The Carpenter Lubricant Tester.—The principal obser-

vations in mechanical tests are the effects of speed, load, tempera-

ture, and the frictional effects due to viscosity and oiliness : the

quality of the oil is measured by the frictional resistance, the

temperature and the endurance of the oil film. The machine

devised by Prof. Carpenter, used during the past year in these

investigations, has fulfilled all requirements in tests of light

and heavy oils, greases and graphite, owing to its sensitive

adjustment, durable efficiency, and its wide range of possible

tests. The machine has an accurate adjustment for recording the

speed, and a long lever-arm with a Vernier attachment graduated

to tenths of a jwund, for recording the friction. The load is

applied by a powerful spring, worked by a cam and lever, up
to 6000 pounds total load.
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The projected area of the bearing used is approximately
8 square inches; the journal is about 3 inches in circumference
and nearly i foot long. A cast-iron frame babbitted and
machined to a true surface was used. Even after careful

machining continuous frictional work was necessary on the

babbitt surface to reach the proper conditions of constant results.

When satisfactory results were once obtained there was little

difficulty in keeping the surfaces of the hard form of babbitt in

suitable condition. A thermometer was inserted in a hole in

the bearing which extended close to the journal. Tests made at

steam temperature, 210° F. (sic), were carried out in a hollow
cast-iron babbitted bearing, with steam attachments for main-
taining the desired tem^^erature. The lubricant was run in from
a sight feed cup through a small hole close to one side of the

Fig. 3.
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bearing, with careful regulation of the flow for proper adjust-

ment of the feed. Two channels or grooves are run diagonallv

across the babbitt face from the inlet hole to allow of equal

and even distribution of the kibricant; these channels must be

carefully guaged for an even flow, or dry spots or streaks appear

on the journal accompanied by a sudden greatly increased fric-

tion as indicated on the friction bar. This detail requires careful

and constant attention, for on it depends the continuous regu-

larity of the friction curve. The journal is partially exposed to

allow the observation of the formation of the film, its compara-
tive thickness and any irregularity due to an imperfect journal

or l:)earing, or improper lubrication.

The Case School Tests.—Accurate testing of the mechan-
ical efficiency of oils presented an extensive field of labor as

there are no general standards of comparison under any con-
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ditions of operation. Such constants must necessarily be based

on arbitrary data, nevertheless if they are accurately determined

on a standard machine, with the conditions of the journal and

bearing selected, the load and speed constants on this machine

may be readily ascertained on any other equally efficient machine.

These tests must be performed with a scientific accuracy of exact

quantitative observations and with close supervision of all details.

The conditions should be as close as is practicable to factory

conditions.

The results obtained on water, kerosene and fuel oil as

vehicles of graphite present novel and interesting features.

Water alone serves as a lubricating film in steam cylinders, but

since it is of no value on journals, the lubricating value of

aqueous suspended graphite must be wholly due to the graphite.

Fig. 4.

so eo 30

TIME IN MINUTES

Curves of friction of oil and oildag with varying feeds.

The same is true of kerosene and fuel oils which alone are

practically devoid of lubricating quality.

To test the effect of varying viscosity in lubricants and at

the same time the lubricating quality of deflocculated graphite,

tests were made with water, kerosene, a fuel oil and an auto

cylinder-oil, each carrying 0.35 per cent, of graphite. The
results are shown by the curves in Fig. 2, in which the speed is

maintained at 446 r.p.m. and the load at 70 pounds per square

inch. Frictional load and temperature were observed at ten-

minute intervals. On the chart (Fig. 2) the time is given in

half-hour limits and the coefficient of friction in hundredths of

a unit. The curve for water and graphite is practically a straight

line, with scarcely any variations of the 4 hours shown. The
test continued 15 hours with the same result. There were several

stops indicated by a dotted line on the chart ; but there was no
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change in the direction of the curve by stopping and starting.

Curve No. 3 for kerosene oil with graphite is also a straight line

showing a very slightly lower coefficient than water. The curve

for fuel oil and graphite is also practically a straight line and
with an endurance test for 1^2 hours after the oil supply was
shut off; here the frictional coefficient is slightly higher than

that of either water or kerosene. A similar regularity appears

in the curve of the auto cylinder-oil with graphite, but the

frictional coefficient is very materially higher than those of the

other lubricants, which may be considered as a measure of the

comparative greater internal viscosity of the auto oil.

The effect of varying viscosity in lubricants and the lubri-

cating quality of graphite under practically the same speed,

445 r.p.m., but with a load of 150 pounds per square inch, using

kerosene, a fuel oil and a spindle oil with the same proportion

Fig. 5.

DROPS PRESS, a
PER M.L8S.PER ft*

8Q.IN. c

NO. 1 AUTO evuNDEH OIL (alone) 6 150 444

2 ' + 0.35SfGRAPHITe 4 " "

3 FUEL- OIL 8 •' '•

4 KEROSENE 8 " "

5 WATER 8 10 44«

TIME IN MINUTES

Temperature curves for lubricants of varying viscosity with or without graphite.

of graphite and the same oil supply, is shown in Fig. 3. Kerosene

here shows a very slight irregularity in its coefficient, differing

shghtly from that in the preceding chart. Here the greater

internal viscosity of fuel oil is shown by the increased friction.

No doubt the fuel oil possesses a slight oiliness, enabling it at the

beginning of the test to indicate a lower coefficient than kerosene.

Kerosene maintains a higher coefficient for a few minutes until

the continuous film of graphite has formed and reduced the

coefficient to its normal condition. The spindle oil also possesses

a certain oiliness, which enables it to begin the test with a coeffi-

cient that changes only slightly during the entire period, Avith

an endurance test extending during 2 hours before the oil breaks

and with only a slight increase in the coefficient of friction after

the oil supply was shut off. The comparative endurance of the
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three oils is also worthy of note. While under a bearing load

of 150 ponnds per square inch kerosene maintains an extremely

low coefficient, yet the fact that it breaks immediately when the

oil supply is shut ofif indicates that it has not the power to form

a coherent graphite film, which the fuel oil has to .some extent

and the spindle oil has in a marked degree.

Fig. 4 is a chart of tests run at a load of 150 pounds per

square inch and a speed of 445 r.p.m. It shows the effect of

a variable feed when using spindle oil. In one test on the oil

alone the supply was regulated to break the oil at the beginning

of the test and also to perform its function as a lubricant. The
effect of graphite on the lubricating quality of the oil is also

shown in cm-ves No. 3 and No. 4. No. 3 representing a feed of

Fig. 6.
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BRONZE BEARING

4 DROPS PER MINUTE

1200 LBS. PRESSURE

TEMPERATURE 210

OIL STRAilGHT

VISCOSITY 100 AT 2

FllASH 1440' F.

-J O JoiL .35 5( GRAPHiVe

30 60

TIME IN MINUTES

Curves for American cylinder oil with and without graphite.

8 drops per minutes and No. 4 a feed of 4 drops per minute.

The diminished coefficient in curve No. 4 as compared with

No. 2 represents the lubricating effect of graphite, and this effect

is still further shown by the increased endurance test in curve

No. 4. It will also be observed that l)esides diminishing friction,

No. 4 is based on an oil supply due to the graphite of only

one-half that of curve No. 2 of the oil alone.

In Fig. 5 the curves of temperatures are recorded in the

friction tests presented in Figs. 2 and 3. The load is 150 pounds
per square inch for auto oil. fuel oil and kerosene, and 70 ponnds
per square inch for water. Speed 444 r.p.m. for all e.xcept water,

where it was 446 r.p.m. In the case of the auto oil afone there

was an immediate rise in temperature corresponding to the

breaking point of the oil as shown in the friction test. It is

interesting- to compare this temperature with that of cur\e No. 2
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(auto oil with 0.35 per cent, of graphite) in which the temperature

rises within 20 minutes to a definite point and then continues in

a nearly straight line with little variation to the point where the

oil supply was shut off at the end of 2 hours. Curve No. 3 of

the temperatures of fuel oil and graphite also shows a very

slight variation after 30 minutes, when the stable conditions of

lubrication were established. A difference of approximately
25° F. is shown between the curves of the auto and fuel oils,

which must represent the larger escape of energy in the form
of heat from the bearing due to the greater internal resistance

of the auto oil. The temperatures of kerosene with graphite,

shown in curve No. 4, are approximately 10° lower than those

in the fuel-oil curve, due to the still smaller resistance of the

Fig. 7.

BABBIT BEARING

B DROPS PER MINUTE,

TIME IN MINUTES

Curves for "600 W." cylinder oil with or without graphitf

.

kerosene. Considering the small difference between the specific

gravity of fuel oil (about 35° Baume) and that of kerosene

(about 45° Baume) the difference in temperature of these two

curves is a good example of the accuracy of observation possible

in these tests. Perhaps the curve of temperatures for water and

graphite is the most striking on this chart; this only shows 4
hours, but actually lasted 15 hours with several stops, but the

temperature at the start was the same as that at the time of

interruption. This chart shows an extremely low temperature,

65° F., practically room temperature, which is never exceeded

by more than 5° F. and is essentially a straight line from start

to finish. The use of water as a vehicle for graphite does not

interfere with the best work that graphite is capable of per-

forming.

Considerable attention was given to the behavior of heavy
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engine and cylinder oils, both plain hydrocarbon and compounded

oils. A special form of bearing was constructed,—a cast-iron

frame with a hollow chamber for introducing steam, and a face

of hard babbitt. For some tests a bearing of similar construc-

tion but with a bronze face was used. The results were generally

less satisfactory with the bronze than with the babbitt bearings,

not only with heavy oils, but with others. Hard babbitt is better

than bronze. Three cylinder oils, American, Galena and " 600

W.," alone and with graphite were tested for their frictional

coefficients and endurance, in a continuous run of 2 hours. The

physical constants, especially specific gravity and viscosity, of

these oils are given for comparison.

Fig. 6 is a chart of a straight hydrocarbon oil (American

cylinder oil) with the bronze bearing; the lubricant was supplied

at the rate of 4 drops per minute, the total pressure was 1200

Fig. 8.

Curves for Galena cylinder oil with or without graphite.

pounds and the speed 245 r.p.m. For the oil alone the curve

begins at a somewhat higher coefficient than is maintained after

the first half hour and then proceeds in a straight line without

variation till the feed is stopped. The endurance run was doubt-

less shorter than it would have been with babbitt bearings, as

was demonstrated by test. The cun-e with oil and graphite

follows this very closely, but with a considerable diminution of

the coefficient of friction.

Fig. 7 is a diagram of the tests with 600 W. cylinder oil

alone and with graphite. This oil has a lower specific gravity

and somewhat higher viscosity than the last one. The tests were

run at the same total pressure and the same speed as the previous

ones, but with double oil feed and with babbitt bearings. Owing
to its greater viscosity the straight oil showed a considerably

higher coefficient at the start and the test ran for one hour

l>efore the oil reached normal conditions, which it maintained
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until the feed was stopped. After the oil was shut oflf the lubri-

cation was maintained with irregularity and increased friction

during i hour and 40 minutes, when it broke. The curve of

this oil with 0.35 per cent, graphite is very similar, but it reaches

normal conditions sooner, continues in a straight line till the

supply is stopped, and then with slightly increased friction con-

tinues in a straight line. The marked influence of graphite is

plainl} apparent in these curves.

Galena cylinder oil was tested with and without graphite

under the same conditions. This is less viscous but heavier than

the preceding oil. To reach normal conditions the straight oil

required i hour, and oil with 0.35 per cent, graphite, 45 minutes.

After feed was stopped the oil alone broke in 1J/2 hours, the oil

with graphite broke after 45^ hours.

Conclusions.—The results of these tests with regard to the

use of graphite as a solid lubricant indicate that it can be applied

with advantage in the deflocculated fonn. Its most characteristic

effect is that of a surface evener, equalizing the metallic depres-

sions and projections on the surfaces of bearing and journal, and

endowed with a certain freedom of motion under pressure. The
great efficiency of graphite in automobile lubrication, by increas-

ing engine power, and controlling temperature and wear and

tear of bearings has been demonstrated in a series of tests con-

ducted by the Automobile Club of America. In connection with

the reduction in friction the extremely small proportion of

graphite necessary is notable, viz., i cubic inch of graphite in

3 gallons of oil.

In these observations and in all the work that has been done

in this field, there is not a more impressive example of the effi-

ciency of graphite in lubrication than that presented in the curves

of friction and temperature of water and graphite, for the water

serves merely as a vehicle and is completely devoid of lubricating

quality: the graphite performs its work without aid and with

no limiting conditions.



SECTIONS

Section of Physics and Chemistry.—A meeting of the Section of Physics
and Chemistry was held in the Hall of the Institute this evening (Thursday,
March 3, 1910) at eight o'clock. Dr. E. Goldsmith, temporary Chairman.
Thirty-seven members and visitors present. The minutes of the previous
meeting were read and approved. The Chairman then introduced Mr.
Arthur J. Sweet, Engineer of the Holophane Company, Newark, Ohio, who
presented a communication entitled " An Analysis of Illumination Require-
ments in Street Lighting." The speaker discussed the problems which
are met in this branch of illuminating engineering and described a series

of experiments which he had conducted with a view to ascertaining the most
efficient means of lighting city streets. The paper was illustrated by
lantern slides. After a brief discussion the thanks of the meeting were
tendered to Mr. Sweet and his paper was referred to the Committee on
Publications.

There being no further business the meeting adjourned.
Alfred Rigling,

Acting Secretary.

Section of Physics and Chemistry.—Stated meeting was held in the

Hall of the Institute, Thursday, March 10, 1910, at 8 p.m., with Dr. E.

Goldsmith in the Chair. Twenty-two members and visitors were present.

The minutes of the previous meeting were read and approved. Mr. Edward
E. Free, Physicist of the Bureau of Soils, United States Department of

Agriculture, delivered an address upon " The Phenomena of Flocculation

and Deflocculation " ; an abstract of the paper is appended. The address
was illustrated with experiments and lantern slides.

THE PHENOMENA OF FLOCCULATION AND DEFLOCCULATION.

By E. E. Free.

The phenomena of flocculation are essentially phenomena of
the aggregation of fine particles distributed through a dissimilar
medium. The best examples are the well-known suspensions of
solid particles in water, and the present paper was confined to

these cases. From a study of the mechanics of suspension it was
shown that in such systems the main factor affecting rate of sedi-

mentation is the size of the particles. By changing this size, floccula-

tion greatly influences the rate of settling. It was pointed out
that flocculation and deflocculation are purely relative terms and that
one should speak rather of degree of flocculation. The degree of
flocculation may be influenced in many ways, and of these there were
discussed,— (i) temperature change, (2) the addition of electrolytes,

(3) the addition of organic colloids (albumin, gelatin, etc.). A brief
notice was given of the theories of these effects and it was suggested
that the final theory which is yet to be developed will probably
include two separate explanations of the actions of added sub-
stances: (a) the effect of such substances on the mutual solu-
bility relations of the suspended particles and the medium in which
they float, and (b) the effects on the electric charges resident on
the surfaces of the particles. The action of the organic colloids
in preserving suspensions was explained (according to well-known
theory) as due to the formation of a thin film of the colloid about
each suspended particle.
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The practical applications of flocculation studies were then briefly

noted, and the paper concluded with a note of flocculation in

gas-liquid-solid systerhs, especially in moist soils.

The paper was discussed ; a vote of thanks was tendered the speaker for

his valuable communication, and the paper was ordered published in full.

The meeting then adjourned.
Joseph S. Hepburn,

Secretary.

Mechanical and Engineering Section.—A meeting of the Section was
held this evening (Thursday, March 17, 1910) at eight o'clock.

Dr. E. Goldsmith in the Chair.

The minutes of the previous meeting were read and approved.

Mr. Charles E. Foster of the Taylor Instrument Companies, Rochester,

N. Y., then presented the paper of the evening entitled :
" A New Pyrometer."

The speaker confined his remarks to radiation pyrometry. After a

brief review of the history of the subject he described an instrument, which
he had devised, known as the fixed-focus pyrometer. Lantern slides and
apparatus were used to illustrate the subject.

The thanks of the meeting were extended to Mr. Foster for his paper.

Adjourned.
Alfred Rigling,

Acting Secretary.

Electrical Section.—A meeting was held on Thursday, March 24, 1910, at

8 P.M. President Thomas Spencer in the Chair. The minutes of the previous

meeting were read and approved. Dr. Joseph W. Richards of Lehigh Univer-

sity, South Bethlehem, Pa., presented a paper on the electrometallurgy of

steel. The speaker reviewed the progress made in the use of electricity in

the manufacture of steel and illustrated his subject with many lantern slides.

After a brief discussion the thanks of the meeting were extended to Dr.

Richards for his interesting paper. Adjourned.
Alfred Rigling,

Acting Secretary.



FRANKLIN INSTITUTE

(Proceedings of the Stated Meeting, held Wednesday, March i6, 1910.)

Hall of the Franklin Institute,
Philadelphia, March 16, 1910.

President Walton Clark in the Chair.

Present, 63 members and visitors.

Additions to membership since last report, 13.

Dr. Edward P. Hyde of the National Electrical Lamp Association of
Cleveland, Ohio, read a communication on " The Physical Production of
Light."

After a brief introductory statement of certain questions in physiological
optics which determine the light-giving properties of radiant energy the
speaker discussed the laws of radiation and the radiating properties of
metals. Particular attention was given to various new methods for deter-
mining selective radiation, and data obtained by the use of these methods
was presented. The subject w^as illustrated by lantern slides.

After a vote of thanks to the speaker the meeting adjourned.
James Christie,

Secretary.

COMMITTEE ON SCIENCE AND THE ARTS

(Proceedings of the Stated Meeting, held Wednesday, March 2, 1910.)

Hall of the Franklin Institute,
Philadelphia, March 2, 1910.

Mr. Thomas Spencer in the Chair.

The following report was presented for final action

:

(No. 2465.) Dirigible Balloon, B. D. Reese. (Adopted, Edward Long-
streth award.)

For first reading:
(No. 2459.) System of Automatic Telephony, Automatic Electric Com-

pany, Chicago.

James Christie,
Secretary.

331



BOOK NOTICES

Canada, Department of Mines, Mines Branch. Report on the Investi-
gation of an Electric Shaft Furnace, Domnarfvet, Sweden, etc. By
Eugene Haanel, Ph.D., Director of Mines. 38 pages, illustrations,
plates, 8vo. Ottawa, King's Printer, 1909.

As a sequence to the reports on Electric Smelting of Iron Ores published
in 1904, 1906 and 1907, the Mines Branch has just issued the report on an
electric shaft furnace in operation at Domnarfvet, Sweden. The investi-
gation was made by the Director of Mines, on the invitation of the inventors,
and the results given represent the latest developments of the electric
smelting of iron ores.

The report is divided into four parts. Part I deals with the Domnarfvet
furnace, the trial runs witnessed by the writer of the report and the com-
parative costs of production of pig-iron by the furnace. The other three
parts, which are more of the nature of appendices, describe: (i) a new
electric furnace for the manufacture of steel, (2) the manufacture of elec-

trodes, (3) methods of manufacturing wood-charcoal, this material being
used to supply the carbon which enters into the composition of pig-iron
manufactured by electric smelting.

Three full page plates, from photographs, and numerous drawings,
illustrate clearly the descriptive matter of the book.

R.

Line Photo Engraving. A Practical Handbook on All Methods of Repro-
duction in Line, Grain, and Stipple. By Wm. Gamble, Editor of the
"Process Year Book," x, 332 pages, 9x6 inches, 172 illustrations. Cloth,
price in Great Britain 7/6. Percy Lund, Humphries & Co., Ltd., London,
1909. American Agents, Tennant & Ward, 122 E. Twenty-fifth St.,

New York.

As stated by the author, the object of the present work is to meet the

uses of a book dealing exclusively with the numerous processes for the
reproduction of line subjects, descriptions of which may only be found
widely scattered in the pages of many volumes of photographic and photo-
mechanical literature, and to review some of the interesting old processes

which have fallen into disuse by the progress and universal use of half-

tone reproductions.
The author has shown rare discrimination in dealing mainly with those

methods of chemigraphic reproduction which have proven their value and
importance in practical application, while yet giving due consideration to

those earlier processes out of which the present accepted methods have
been evolved and which contain the germs of further development in

various directions of possible importance.
The book presents a clear statement of the many practical details in-

volved in the numerous processes described, all of which are very fully

illustrated. The chapters on preparation of the copy for the camera, on
the workrooms and their equipments, and especially on the making of the

negative, will interest not only photo-engravers, but also all others who
have occasion to make photographic copies of originals in line, stipple or

grain. In that division is included a full account of the practice of wet-

plate photography which, despite the efforts of many years to utilize dry

plates, remains to this day, either in its ordinary form or in that of cdl-

lodion emulsion, the only fully satisfactory method of making a negative

for any of the photo-reproductive processes.
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The most recent advances in the art are treated in this book, including
the latest forms of " Process " cameras and other paraphernalia, and also

the recently introduced mechanical devices for expeditinjr and improving
the etching process itself. A number of different appliances designed for
this purpose are illustrated and described, including the American inven-
tion known as the " Levy Acid Blast Process " and the apparatus for
applying it, and also the " Etch-Powdering " machine lately brought out
by the same inventor for the automatic preparation of the metal plate for
the etching process. The book is a handy volume, well printed, and makes
a valuable addition to the literature of its subject-matter. P. E.

Hydro-electric Developments and Engineering. A Practical and Theo-
retical Treatise on the Development, Design, Construction, Equipment
and Operation of Hydro-electric Transmission Plants. By Frank Koes-
ter. Consulting Engineer, Assoc. Mem. Am. Inst. E. E., Member Society
German Engineers (Berlin), Author of Steam-electric Power Plants.
XXV X 454 pages. loj^ x 7^ inches, with 500 illustrations. Price, $5.00
net. D. Van Nostrand Company, New York : Archibald Constable &
Co., Ltd., London, 1909.

The development of water power is an important component of the ques-
tion of the conservation and utilization of our natural resources, now so
prominently in the public mind. Some of the projects that have already been
developed and are in actual operation in the several quarters of the civilized

world have been without precedent in size and their successful completion
has embodied a high order of originality in design r.nd of technical skill.

A collection of this data relating to these and other modern installations
is of the highest value to those interested in hydraulic power development.
In this book Mr. Koester has not only collected an extensive array of data
from representative plants but he has arranged it in analytical form with the
several subdivisions and details of the subject in such logical order as to
form a treatise covering the process of installation from breaking the ground
to the erection of the transmission line and its appurtenances.

The work is divided into three parts

:

Part I. Transformation of Water-Power into Electrical Energy.
Part II. The Transmission of High Tension Electrical Current.
Part III. Modern American and European Hydro-electric Developments.
The work is profusely illustrated with excellent line cuts or half-tone

engravings of every feature involved in the development of the project, which
is investigated in great detail, and which with the many tables of technical
data included, make it of value not only as a treatise but also as a reference
book.

In a treatise of this kind it is evident that a discussion of the elements
of design in the structure and equipment cannot be undertaken ; the author
has, however, supplied a fertile source of more detailed information by a
comprehensive and appropriately arranged bibliography.

The work as a whole should prove of much practical value to the student
of hydro-electric practice and an inspiration to the professional engineer.

L. E. P.

Canad.\, Department of Mines, Mines Branch. Report on the Tungsten
Ores of Canada. By T. L. Walker, M.A., Ph.D. 56 pages, illustra-

tions, plates, maps. Ottawa, King's Printer, 1909.

Amongst the rare metals which have recently become of commercial
value, tungsten is an important example. One of its most recent applica-
tions is as a filament in incandescent lamps, in which it gives a much more
brilliant light with greater cflFiciency than carbon. Its most' important use,
however, is in the manufacture of tungsten steel, to which it imparts great
elasticitv and tensile strength. The metal has, therefore, become particu-
larly valuable to the manufacturers of special steels. The known occurrences
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of tungsten ores throughout the world are comparatively few, which fact

lends additional interest to some discoveries of scheelite (an ore of tung-
sten) which have been made within the past year or two in Nova Scotia.

These, together with other occurrences of tungsten ores in Canada, have
been made the subject of the present report, which is designed to present
to those interested all the available information on these ores.

The several occurrences of tungsten ore in Canada are described in

detail, and a general statement is given on the geological occurrence of the
ores, chemical tests, concentration, the uses of the metal, producing mines
in other countries, statistics of the world's production, etc., while a very
useful bibliography of the literature on Canadian and United States occur-
rences is added.

R.

Jahrbuch der Elektrochemie und angewandten physikalischen Chemie.
Begriindet und bis 1901 herausgegeben. von Prof. Dr. W. Nernst und
Prof. Dr. W. Borchers. Berichte iiber die Fortschritte des Jahres 1905.

Herausgegeben von Dr. Phil. Heinrich Danneel. Illustrated, 1049 pages,

8vo, Halle, a/S, Wilhelm Knapp, 1909.

The twelfth volume of this annual contains the usual amount of inter-

esting and useful information for the investigator and student in the field of
electrochemistry.

The work is divided into two parts,—the first containing the general
scientific information : constants of nature, a review of recent literature,

new apparatus, conductivity of solutions, chemical and electrical energy,
polarization, radio-activity, etc. ; the second part is devoted to matters relating

more especially to applied electrochemistry.
It is unfortunate that editorial difficulties have made it impossible to issue

the work more promptly. R.

A Text-Book of Physics. Edited by A. Wilmer Duff. Contributors : A.
Wilmer Duff, Karl E. Guthe, William Hallock, E. Percival Lewis, Arthur
W. Goodspeed, Albert P. Carman, R. K. McClung. xi + 698 pages, 8 X 514

inches with 525 illustrations, second edition revised. Price, $2.75 net.

P. Blakiston's Son & Co., Philadelphia.

There can be little question of the wisdom, in the production of a book
of this kind, of subdividing the task by the co-operation of a staff of special-

ists. The early appearance of a second edition is an indication of the success

of this plan and that it has found an extensive sphere of usefulness.

A few changes have been made in the text and these relate to arrange-
ment and not to the addition or suppression of subject-matter.

The authors have reason to contemplate with satisfaction the results of

their collaborative plan of treating this extensive subject. L. E. P.



CURRENT TOPICS

BROWNIAN MOVEMENT OF ROTATION. The granules

affected by the Brownian movement revolve irregularly around

themselves while at the same time they displace each other.

This is easily explained by considering it as the effect of molec-

ular shocks on the granules ; shocks whose action at each instant

is equivalent to the combination of a couple and a force which

makes the granule revolve as well as displacing it. To be more
precise, at a given temperature, each granule is agitated in such

a way that its energy of rotation and its energy of translation

have the same mean value, moreover independent of the size

of the granule and equal to the mean energy of translation of an
isolated molecule.

With regard to these relations, Einstein has shown that the

rotation of a spherical grain of radius a placed in a fluid of

viscosity, C, and of absolute temperature T, should satisfy the

equation,

Wherei? is the constant of perfect gases, ^V is Avogadro's constant

(number of molecules per molecule-gramme) and a' the mean
square of the rotation in a time t relatively to an arbitrary axis.

Experimentally it has been shown that for a sphere of 11.5 M.
diameter, the angle of rotation is 14.5,° and according to the

mathematical formula 14°. This agreement is remarkable. ( M.
Jean Perrin. Moniteur ScientiUque, Jan., 1910.)

COBALT ALLOYS. E.M.F. curves are given for alloys of cobalt

with tin, antimony, bismuth, lead and copper. They indicate

the existence of the compounds, CoSn, CoSb, and probably,

though rather indefinitely, CoSbj. The curves for the alloys of

lead, bismuth, and copper with cobalt show the existence of

solid solutions, and the approximate limits of solubility. (F.

Ducelliez, Comptcs Rendus, 1910, 150. 98 to loi.)

ELECTRIC MOTIVE POWER. A remarkable record has been
made by the Edison Illuminating Co. of Brooklyn. In the short

space of four months the company has displaced no fewer than

thirty-eight gas engine plants ranging from 40 H.P. down to

2 H.P. In all these places motors of varying capacity arc now
installed, and a comparison of the relative cost of operation is

largely in favor of the electric motor. In addition to the impor-
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taut matters of cleanliness, absence of noise anu smell, ease of

starting, absence of fire risk, and all the other ad^-mtages of the

electric drive, the motor permits the owner to use small quantities

of electricity when required as against the necessity of running

a gas engine at practically constant speed whether or not a load

is being carried, while in the larger units the inability of the gas

engine to operate elevators and similar machines requiring high-

starting torque has been a point in favor of electric service.

Current is supplied in Brooklyn on a maximum demand system,

under which the charge is lo cents per kw. hour for the first

25 hours per month use of the maximum demand
; 5 cents per

kw. hour for the second 25 hours per month use ; and and 3 cents

per kw. hour for all energy furnished in excess of 50 hours per

month use of the maximum demand. When the portion of the

bill figured at 3 cents per kw. hour exceeds $25, the discount

is 5 per cent., when the amount is $50, the discount is 10 per

cent. ; for $200 the discount is 20 per cent., for $400 it is 40
per cent., and 50 per cent, when it is $1000 or over. {Elec. Eng.,

N. Y., Jan., 1910.)

ELECTRODE LOSSES IN ELECTRIC FURNACES. An en-

deavor to find by experiment mean conductivities which should

be inserted in the received formulas in order to find the best

ratio of length to cross-section of an electrode.

The arrangement of the electrodes is shown in Figs, i, 2

and 3. In Fig. i, let ab be a rod of the electrode material to

be tested, embedded in a heat insulating material I, except the
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ends which are water-jacketed or otherwise cooled and kept

at a constant, known, relatively low temperature. The insula-

tion assumed to be perfect. Cross-section of rod is ^ square

inches, length of insulated part is L inches.

Pass a relatively large electric current longitudinally. The
temperature of the insulated part will rise, the highest being in

the middle section m, and falling towards both ends to the

temperature of the water-cooled ends. A pyrometer P is in-

^ troduced at the middle point.
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Pass a vonstant current till a stable state is reached, i.e.,

until the ; urometer ceases to rise, then all the heat electrically

generated tiovvs out only at the two ends. Now measure the

temperature at the centre, and at the water-cooled ends, the

current and the voltage. The product of the current -j~ the

voltage gives the heat flow in watts, IV, which is leaving at

the two terminals. It is not necessary to measure the heat

absorbed by the cooling water as this heat flow is determined
more readily and probably far more accurately by means of

an ammeter and voltmeter.

The heat conductivity of this material is determined by the

formula ^^=0.02986 ^jr-, in which K is the mean heat con-

ductivity in gramme calories per second per square inch for
1° C, per inch, and T the difference in temperature in centi-

grade degrees between the maximum at the middle and that

at the water-cooled ends.

From the same readings of volts E and amperes C the mean
electrical restivity for that same range of temperature is calcu-

lated from the formula

E S
""= CL

in which r is the restivity in ohm-cubic-inch units.

It is assumed that the insulation is perfect. This may be
accomplished without appreciable error by surrounding the test

rod by a tube of the same or similar material, which is electri-

cally insulated from it, and is also heated by a current to the same
temperature in the middle and cooled to the same temperature
at the ends. The heat gradients in the test rod and in the en-

closing tube will then be the same, hence no heat will leave

the embedded part of the test rod except the very slight amount
which flows longitudinally through this insulating and non-
conducting material and escapes at its outer ends. If this in-

sulator is made very thin, just thick enough to insulate elec-

trically, and the rod be relatively large in cross-section and long,

the heat lost through the insulator may be made extremely
small, if the material is loosely fibrous or granular, so that the

actual heat insulation is practically due to the air in the inter-

stices. Moreover one-half of this small heat comes from the

tube and only one-half from the test rod.

Or instead of a tube, surround the test rod with a number
of similar rods, embedded in the same insulating material and
arranged parallel to, and as near as possible to, the test rod.

as shown in Figs. 2 and 3. The ends of each are water-
jacketed like the test rod. These can all be connected elec-

tricnlly in series with each other and with the test rod. so

that the same current heats them all. If thev are all of the
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same size and material, the temperature can be safely assumed
to be practically the same in them as in the test rod, and then a

second pyrometer on the outer row of rods is unnecessary.

—

(Carl Hering, Elec. Eng., N. Y., Jan. 9, 1910.)

FERRO-SILICON. Numerous accidents have been caused in the

last few years by the escape of poisonous and explosive gases

from consignments of the so-called high-grade ferro-silicon pro-

duced in the electric furnace. These accidents have generally

occurred during the transport of the ferro-silicon by water,

in various countries, on vessels of different nationalities, while

in almost every instance the ferro-silicon carried has been the

product of a different manufactory. F'erro-silicon, especially of

grades containing from 40 to 60 per cent, of silicon, is found
invariably to evolve considerable quantities of phosphoretted

hydrogen and a less amount of arseniuretted hydrogen. A cer-

tain amount of the gas evolved is occluded in the alloy. Certain

grades of ferro-silicon, notably those that contain about 33 per

cent., 50 per cent., and 60 per cent, silicon, corresponding possibly

to the formulae FeSi, FeSi2 and FeSig respectively, even when
manufactured from fairly pure constituents, are brittle and liable

to disintegrate spontaneously, especially the 50 per cent, grade.

The evolution of poisonous gases is greatly increased by the

action of moisture or of moist air, under the influence of which
phosphoretted hydrogen is generated from calcium phosphide,

which is formed from the calcium phosphate present in anthra-

cite and quartz, at the temperature of the electric furnace. If

spontaneous disintegration of the alloy also occurs, much larger

quantities of gas would be given off from such friable and un-

stable material, other things being equal. The greater or less

tendency of a given sample to evolve poisonous gases, and a

rough estimate of their probable amount, may be arrived at by the

use of test papers prepared with silver nitrate. There is no
evidence that low-grade ferro-silicon, of 10 to 15 per cent.,

produced in the blast-furnace, has ever caused similar accidents

to those known to have been produced by the high-grade elec-

trically produced alloy. Blast-furnace ferro-silicon does not

evolve poisonous gases even in presence of moisture. Grades
produced in the electric furnace up to 30 per cent, and probably

also those of 70 per cent, or over, appear to be practically innocu-

ous. As the use of ferro-silicon of grades between 30 and 70
per cent, is apparently not essential in metallurgical operations,

with the possible exception of basic steel manufacture, it would
appear advisable to discontinue the production of alloys ranging

between these grades. The proprietors of iron and steel works
using ferro-silicon, will protect their work people and act for the

public benefit, by restricting their orders to grades not exceed-

ing 30 per cent., or of 70 per cent, and over, according to their

"special requirements. But as, pending international agreement
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on the (luestion, intermediate percentages of ferro-silicon will

doubtless continue to be manufactured and sold, the issue of

special regulations by the Board of Trade will be necessary, to

obviate, so far as possible, the chance of further accidents in the

transport of this material. Inter alia, these regulations should

require a declaration of the nature, percentage, date of manu-
facture, and place of origin of any such consignment.

Suggested Regulations as to precautionary measures in con-

nection with the storage and transport of ferro-silicon.

1. Ferro-silicon should not be sent out from the works im-

mediately after manufacture, but after being broken up into

pieces of the size in which it is usually sold, should be stored

under cover, but exposed to the air as completely as possible, for

at least a month before being despatched from the works.
2. Manufacturers should be required to mark in bold letters

each barrel or parcel of ferro-silicon with the name and percent-

age grade (certified by chemical analysis) of the material, the

name of the works where it is produced, the date of manufact-
ure, and the date of despatch.

3. The carriage of ferro-silicon on vessels carrying passen-

gers should be prohibited. When carried on cargo boats, it

should, if possible, be stored on deck. If considered necessary

to store it elsewhere the place of storage should be capable of

being adequately ventilated, and such place of storage should

be cut off by air-tight bulkheads from the quarters occupied by
the crew of the vessel.

4. This regulation should apply to the transport of ferro-

silicon on river or canal barges as well as on sea-going vessels.

5. Storage places at docks or at works where ferro-silicon is

used, should have provision for free access of air, and should be

situated at a distance from work-rooms, mess-rooms, offices, etc.

(Report of Medical Officer Local Go\^. Board. Jour. Soc. Chcm.
Ind., Feb. 15, 191 o.)

NICKEL PHOSPHIDES. Two new nickel phosphides NiP„
specific gravity 4.62 at 18° C, and NiP,, specific gravity 4.19
at 18° C, have been prepared by the author. Both are crys-

talline substances of metallic appearance. They are prepared

by heating a nickel-tin alloy, containing 5 per cent, nickel with

phosphorus in a sealed, evacuated Jena glass-tube to 700° C,
using I to 4 grammes of phosphorus with 21 grammes of the

alloy ; the diphosphide, NiP,, is isolated from the product by
treatment with warm concentrated hytlrochloric acid. If more
phosphorus is used, this treatment leaves a mixture of the phos-

phides of tin and nickel. SnP^ and NiPa. The tin-phosphide is

decomposed by heating to 360° C. under reduced pressure, and
then further treatment with hydrochloric acid leaves the nickel

tri-phosphide. NiPg, as a crystalline residue. (P. Jolibois.

Coniptes Rendus. 1910. 150. 106-T08.)
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PHOSPHORUS CHLORIDE. This new chloride, P^Cl,, is ob-
tained by the action of a silent electric discharge on a mixture
of hydrogen and the vapor of phosphorus tri-chloride. It is a
colorless oily liquid and smells strongly of phosphorus. Its

melting point is —28° C, and boiling point about 180° C, or
95° C. at 22 mm. Bar. pressure. It oxidizes in air, fumes, and
will ignite spontaneously under suitable conditions. It decom-
poses spontaneously in a vacuum, and more readily with the aid of
heat and light, becoming phosphorus tri-chloride and other bodies
of varying composition. Attempts to prepare the corresponding
dibromide, Po-Br^ have not been successful.— (M. M. A. Besson
and L. Fournier, Comptes Rendus, 1910, 150, 102.)

POTASSIUM CYANIDE. An aqueous solution of potassium
cyanide acts as a powerful insecticide when injected into the soil,

by reacting on the calcium bicarbonate present and slowly liber-

ating hydrogen cyanide. It possesses certain advantages over
carbon disulphide, as it is slower and more thorough in its

action, insects are not aware of its presence from its odor and
therefore do not escape, and it has no effect on growing plants,

even in strong doses, nor does it stop fermentative changes in

the soil as carbon disulphide does.— (T. Mamelle, Comptes Ren-
dus, 19 10, 150, 50.)

$130,000,000 ELECTRIC BELT LINE. The New York Pubhc
Service Commission is now considering proposals for the con-

struction of a circular electric subway to run all around New
York. The belt, as proposed, will encircle Manhattan and the

Bronx, extend under the East River to Brooklyn, and there con-

nect with the Fourth Avenue subv.ay now under construction

;

and later, when practicable, by way of Fort Hamilton and the

Narrows, to Staten Island, and also by a Fifty-ninth Street cross-

town link under the East River to Queens and several Long
Island points. The proposed subway system is to be built in

about 24 sections of about i mile each, and with four tracks,

which will encircle the two boroughs of Manhattan and the

Bronx. The cost is estimated at $130,000,000, and the promoters
are Messrs. E. J. Farrell and John T. Hopkins of N. Y. (Elec.

Eng., N. Y., Jan. 14, 1910.)
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It is interesting to note that almost without exception, from

the dawn of history to the present time, those nations which have

ruled the world have been great road builders.

Egvpt. Babylon, Carthage. Rome and France have each

in turn held supremacy as world powers and as great road build-

ers. The earliest authentic records of permanent roads are found

in Egv]:)t. A little to the east of the Great Pyraiuids are the

remains of a great stone causeway. This is no doubt the historic

highway which Herodotus styles the Great Egyptian Road, and

[ Note.—The Franklin Institute is not responsible for the statements and opinions advanced
by contributors to the Journal.]
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on which King Cheops employed 100,000 men for a period of

ten years.. The historian informs us that this road, when com-
pleted, was of massive stone blocks ten feet in thickness, and

lined on either side with temples, mausoleums, porticos and

statues. The main purpose of this road was to afford a passage

over the sandy desert for the tremendous quantities of stone and

other material needed in the construction of the Great Pyramids.

Babylon, the city of hanging gardens and great walls, did

not neglect the construction of roads and bridges, which were so

essential to her military and commercial supremacy. Strabo

informs us that the streets of Babylon were paved about 2000

B.C., and that splendid thoroughfares radiated to Memphis, Susa,

Ecbatana and Sardis. Herodotus speaks of a great royal road

extending from Susa to Sardis, a distance of about 312 miles,

along which stations were established at intervals of 18 to 25

miles, where the couriers w-ere supplied with fresh mounts. The

distance travelled by these couriers is estimated at from 60 to

120 miles a day. It is asserted that asphalt was used as a mortar

in building the great walls around Babylon nearly 2000 years

before Christ.

The Romans are generally supposed to have learned the art

of road building from the Carthaginians, though authentic

records of this seem lacking. The destruction of Carthage was

so complete that scarcely a trace is left of her ancient road system

to tell either of its extent or its character. In Gaul, no less

than 13,000 miles of road are said to have been improved, and in

Britain at least 2500 miles. The great military roads which

crossed the Alps traversed westward through Gaul to Spain, and

eastward to Austria and the regions of the Danube, and even

Africa and Asia were included in this great highway system. It

is estimated that under present conditions such roads as the

Appian Way would cost upw'ard of $200,000 per mile, for the

Roman system of construction was crude, expensive, and far

more massive than conditions required.

After the fall of Rome a long period of inacti\-ity followed,

and the roads were allowed to fall into ruin and decay. It was

not until the time of Louis XTV that any decided effort was made

to again improve the roads of Euro])e. Under the administra-

tion of Colbert as Comi)troller of Finance, which began in t66t.

15,000 miles of broken-stone roads were constructed. This
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was done under tlie old feudal Corvee, or forced labor system,

which imposed an almost unbearable hardship upon the peasantry.

The Corvee was finally abolished in 17H7.

The present superb road system of France was founded

by Napoleon. He built many great roads throughout the Em-
pire, among others the road over the Simplon Pass, which was

begun in iNoo and required six years for completion. In 1775

the great h'rench engineer, Tresauget. published the first treatise

Fig. I.

Road in Lauterbrunnen, Switzerland.

on broken-stone roads, and also devised the system of continuous

repair which is still practised by the French government. Too
much credit cannot be given to the work of Tresauget. He was

the real father of modern road building, and his work preceded

that of MacAdam and Telford by about forty years.

In seeking a comparison between the systems of road adminis-

tration in Tuu'ope and the United Slates by which we may profit

in working out our road problems, we should go deeper than

methods and practice and endeavor to understand the principles

underlying each system. Administrative control of roads in
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England and France, for example, has always followed diametri-

cally opposite courses, the English always clinging to localized

control, authority and responsibility, and the French throughout

their entire history adhering to the plan of extreme centralization,

whereby power began and ended with the central government.

We are, therefore, justified in describing the road system of Eng-
land as resting upon the basic principle of localized control and

the French system as resting upon the basic principle of cen-

tralized control. Germany, being a confederation of states,

affords an example midway between the extremes represented by

Fig. 2.

Bad road. Pointsville, Ky.

England and France, while Switzerland having- peculiar con-

ditions by reason of geographical location, area and source of

revenue, affords an exceptional example for study. I shall,

therefore, confine my observations to the systems of administra-

tive control in England, France, Germany and Switzerland, and

endeavor to point out the salient features of each, and to institute

such comparison with American systems as will best aid in arriv-

ing at a determination of our points of weakness and of strength.

I shall include in my analysis of road administration the very

important subject of road maintenance, which, although the

product of effective administration, is so vital as to be worthy

of special treatment and discussion.
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The basis of the hrench system is the School of Roads and

Bridges, one of tiie finest technical schools in the world, and

maintained at the expense of the national government. From
the graduates of this school are chosen the highway engineers

who are entrusted witli tlie building and maintenance of the

roads in France.

At the head of the administrative organization is an inspector-

general of bridges and highways, under whom are chief engineers

Fig. 3.

Tarroil road under construction. Ithaca, X. Y

in charge of the road work of single departments and communes.
Single subdixisious of departments are imder the direction of

district engineers and assistant engineers, the latter being equal

in rank to non-commissioned otiicers in the army. The subdivi-

sions are under the direction of principal conductors and ordinary

conductors. Next in line come the foremen of construction

gangs, the clerks employed at headquarters, and tinally the can-

toniers or patrolmen, each having from 4 to 7 kilometers of

highway under his inriuediate super\ision. This great adminis-

trative machine, working in complete harmony with definite lines
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of responsibility clearly established, accomplishes results ^vith

military precision and regularity. And, in this great army of

workmen, not the least important unit is the cantonier or patrol-

man, "who has charge of a single section of the road. He keeps

the ditches open, carefully fills holes and ruts with broken stone,

removes dust and deposits of sand and earth after heavy rains,

trims the trees and bushes, and when ordinary work is impossible

he breaks stone and transports it to the points where it is likely

Fig. 4.
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Tarred road completed. Ithaca, N. Y.

to be needed. He brings all matters requiring attention to the

notice of his chief. The conductors go over the road at regular

intervals and direct chief cantoniers, and all reports are trans-

mitted to the central authorities, so that at any time the exact

condition of the roads throughout France mav lie ascertained.

Each year the conductors prepare estimates of necessary expenses

for the next year under three heads, namely, Maintenance, Heavy
Repair and New Work, and the go\ernment appropriations are

based upon these careful estimates.

The first law in I'.ngland relating to highways, of which we
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have any record, was passed in J2.S5 and directed "those ways

to be enlarged \vhere bushes, woods or dykes be, where men may
hn-k." In 1346 a law was passed grantini^ |)ermission to levy

toll on some of the roads leading out of JvOndon. This was the

beeinning- of the toll svstem, which was as unsatisfactorv as the

parish system. The foundation of the statute labor system was

laid in Great Britain in 1555 when an act was passed providing

for the w^orking of the roads in each parish by forced labor.

Turnpikes or toll roads were first legally inaugurated throughout

Fig. q.

English tar spreader. Proed Aitken Machine.

England in 1663, and for a time gained considerable popularity.

During the period from 1700 to 1770, 530 turnpike acts were

passed bv Parliament, and in 1840 there were in England and

Wales 104.772 miles of turnpike road. The wastefulness and

expense of this system l>ecame increasingly apparent and aroused

such hostility on the part of the people that armed bodies of men
assembled for the purpose of destroying the toll-gates. In 1871

the census showed that 5000 persons in England and Scotland

were engaged in merely collecting tolls. In 1857 Ireland freed

itself from toll-gates, and turnpike trusts were done away with
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in England and Scotland by an act of Parliament in 1878.

Since that time the policy of extreme localization has been some-

what modified by the more rational and practical plan of com-
bining parishes into highway districts and requiring the county

to bear a portion of the burden of maintaining the main roads.

There are at present 149,759 miles of road in England, for

which th.e annual expenditure for the year 1905 to 1906 amounted

Fig. 6.

Constructing shell road on plank foundation. New Orleans, La.

to $78,059,000. The annual road expenditure per mile in Eng-
land will thus be seen to be about $520 per mile as against about

$38 per mile in the United States. In view of the fact that most

of the principal roads of England have already been constructed,

this large annual expenditure would appear to be devoted in a

large measure to maintenance. It would also seem that a road

system which requires an outlay of $520 per mile for its entire

mileage must be inefficient and costly. The explanation of this

is found, perhaps, in the fact that in England the maintenance of

the public highways devolves entirely on local authorities.
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Jurisdiction over the road is vested in, first, the county boroughs;

second, the county councils; third, the urban district councils;

fourth, the rural district councils. The county boroughs are cer-

tain large towns which hold charters from the crown entitling

them to the privilege of self-government. In this the mainten-

ance of the highways devolves entirely upon the borough or town

council. In most counties the maintenance of the highways de-

volves upon urban councils in the urban districts and rural coun-

FlG. 7.

Crushing plant, traction engine anil train. .Atlanta. Ga.

cils in the rural districts. The only exception to the control of

the urban and rural district councils is in the case of main roads

which are highways between large towns, and the maintenance

of these roads devolves upon the county councils.

As to skilled supervision, it may l>e said that no qualifica-

tions are required by law to l^ possessed by the .men in charge

of road building and maintenance, but it is the general practice,

at least in important districts, to appoint e.Kperienced highway

encrinecrs for this work. It will thus be seen that the English
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system lacks strong' central control in the counties, there being

four different classes of government units, each acting largely

independent of the others.

Germany is a confederation of States, and it follows that

road administration is conducted separately by each State of the

Empire. The Imperial Government exercises very little control

over the highways, and does not in any way contribute toward
their construction or maintenance. The King-dom of Saxony

Fig. 8.

Macadam road. Chelmsford, Mass.

may be taken as a representative State of the German Empire.

In Saxony the highways are divided into State roads, county

roads and private ways. The State roads comprise those which

are built and maintained by the State. The county roads are

generally termed communicating roads, and are built and main-

tained at the expense of the ];)arishes through which they lead.

A striking feature of the Saxony road system is the practice of

planting fruit trees along the road. The fruit yields a revenue

of about $40,000 a year from the State roads, while the amount
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obtained from ihc fruit ^row n on the count}' roads represents a

much larger sum.

The State roads are cared for by a commission of engineers.

The kingdom is divided into 17 road districts, in each of which

there is a road inspector. Under these inspectors are road mas-
ters who are employed constantly throughout the year. Each
road master has about 37 miles of road under his direction and a

road force of about 15 men. In the case of the minor roads,

the direct responsibility is ])orne by the countv authorities. Thev

i
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Brick road. Munniuuth, 111.

levy and collect the revenues necessary for maintenance and new
construction. The communities engage the road employees for

the continued care of the highways. The technical supervision,

however, is exercised by the road masters of the State force.

The road system of Switzerland is local in character, the

various cantons ha\iug jurisdiction over the roads within their

respective liorders. ICach canton has at the head of its road sys-

tem an engineer with capable assistants. In the canton of St.

Gaul, which is fairly reprcsentatixe. there are under the control

of the engineers 5 inspectors or road masters who are assigned

to certain districts in the canton. The engineers and their assist-
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ants must have an academic education and possess a diploma from
the Polytechnic Institute, while the road masters are required

to have a g-ood technical education.

It is apparent from the foregoing- that while the' units of

administration in European countries range all the way from the

localism of England to the highly centralized system of France,

through varying degrees, skilled supervision is provided for by all

of the systems, as well as an ample cash revenue sufficient to en-

FlG. lO.

Split-log drag on earth road. Arlington, Va.

able the engineers to carrv out the ])lans for improvement and

maintenance. England is the most striking example of extreme

localization, and, it is a significant fact, also the most striking-

example of lack of uniformit}' in road work and of excessive ex-

penditure in proportion to mileage. It is also significant that

the most perfect road system is that of France, which is admit-

tedly the mi>st highlv centralized i>i all tlie road systems, l-'rance.

with a total mileage of about two and one-third times that of

England, expends about the same amount annually for mainten-
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ance. Certainly the inference must be plain, that centralization

makes for economy and efficiency in the administration of the

pul)lic roads.

It is instructive to contrast the developments in the United

States with those in Europe. In mileag-e we have the most

extensive system of roads which any country has ever possessed

since the world began. During all the years since the white

man first blazed a path through the wilderness in North America,

our roads have been expanding in an ever increasing- network,

until we have to-day about 2,155,000 miles. Year by year we
have been frittering away our millions maintaining the roads in

their primitive condition, until the yearly tribute of road taxes

in the United States amounts to over $80,000,000, and our army
of road overseers and supervisors has grown more than 100,000

strong. England, with onl}- 150,000 miles of road, expends

about $80,000,000 a year, or nearly fourteen times as much per

mile. According to the latest road census we have less than

40,000 miles of road surfaced with stone, or less than 2 per cent,

of our total mileage, and practically no provision for maintaining

even these. Small as our annual expenditure for roads has been,

it has aggregated during- the forty years from 1870 to 1910 a

total of upward of v$2,600,000.000. We may, therefore, say

that road building in the United States, considering area, popula-

tion and wealth, is practically at the same point at which it

stood 40 years ago. and the $2,600,000,000 expended have pro-

duced few appreciable results.

The reason for this is not hard to find. When we turn to

the subject of road administration in the United States we find

that about half of the States are operating under practically

the same road laws as prevailed in England when America was

a colonv. This system of road administration provides for the

]>avme!'it of road taxes partly in labor, and localizes the work to

an extreme degree. Organization is almost entirely lacking and

no ref[uirements are made to secure skill or knowledge on the

part of the road ofticials. With few exceptions, no system of

accounting is in force, and no definite lines of authority are

established, such as would guarantee the wise and equitable con-

duct of the work.

In the last 20 vears a number of the States have gradually

broken awa\- from this antiquated system, and it is to these
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States that we must turn for examples of the best results in road

building- in the United States. About half of our States at

present have adopted in principle or practice, or both, the system

of centralizing conduct of all parts of the road work in the State

under a State highway department, thereby securing uniformity

in methods, economy and skill in supennsion. In some of the

State highway departments the work is educational and investi-

gative, with a view to ultimately giving these departments admin-

istrative powers. Some of the States, notably Kansas, Missouri

and West Virginia, have provided for skilled supervision in the

counties through the appointment of county highway engineers.

In most of these States appropriations have been made from the

State treasuries, or the aid of the State convict force has been

given toward carrying on road work throughout the counties.

I desire to comment particularly upon what I consider to be

the most important point in highway work, and one which should

engage the attention of American road builders and legislators

at the present time—that is, road maintenance. In the past, by

far tlie largest portion of our annual expenditure has been for

maintenance of our unimproved roads in almost their primitive

condition. Now that we are actually building roads which com-

pare v.'ith the best of Europe, it is of the utmost importance

tliat Ave make provision for the safeguarding and maintaining of

these roads built at so great an expense.

In a careful study of the highway laws which have been

enacted in the past 15 years, I find almost no provision for

maintenance, although large sums are authorized for construc-

tion. The erroneous impression generally prevails that when a

so-called permanent road is constructed it is there for all time,

and the expense has practically all been met in the first cost.

I have investigated the cost of maintaining roads in the leading

countries of Europe, and the figures may almost be said to be a

revelation. In 1901 England and Wales maintained 26,598

miles of main road at a cost of $^yo.T,4 per mile. In 1907 Eng-

land and Wales maintained 27,556 miles of main road at a cost

of $446.74 per mile, or, in six years the cost of maintenance had

increased $76.10 per mile, an increase of over 20 per cent. In

France the increase in cost of maintaining the national road?

has been about 5 per cent, in the same period. The cost of

maintaining main and urban roads in England and Wales in
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1905 and 1906 was $440.47 per mile. In l^Vance the cost of

maintaining all roads during 1904 was $243.33 per mile. While

these last figures are not strictly comparable, one being for 1904

and one being for 1905, yet the mere fact of one year's difference

in time fails to explain the difference of $197.14 per mile in cost

of maintenance—the natural inference being in favor of the

superiority of the French system. In 1906 the average cost of

road maintenance ^^as $214.13 per mile. In Belgium the annual

cost of maintaining the provincial roads is ^ijy per mile.

These figures express most forcibly two facts: first, that

even the best of improved highways are not self-maintaining,

and second, that the cost of maintenance varies tremendously

W'ith the degree of centralization of the administrative organiza-

tion which has the roads in charge. France, with its most

highly centralized organization, is maintaining her roads at about

54 per cent, of what it costs England and Wales with her very

local and loosely centralized organization. Furthermore, the

alarming increase in the cost of maintenance has been far more
rapid in the countries with local and poorly organized systems

of highway administration. We have just seen that while the

rate of increase in maintenance from 1901 to 1907 in England

and Wales was over 20 per cent., it was only 5 per cent, during

tlie corresponding period in France. In England the mainten-

ance is intermittent and varies with the ideas of the local ad-

ministrative units. In France the maintenance is continuous and

highly specialized.

Many of our States have spent and are spending large sums

of monev on their liighways, with but little thought or provision

for maintenance. If exi^erience of European countries is of any

value, this must prove disastrous in two ways; first, the cost of

maintenance will be high, the more local and loosely centralized

the organization for maintenance ; second, systems of intermit-

tent maintenance are sure to increase in cost from year to year

as thev have in Europe. It is high time that our legislators

take ncUe of these facts and provide ways and means so that our

roads constructed at so great cost can be efficiently and economi-

cally maintained and not allowed to go to ruin, and that exhorbi-

tant sums need not be expended in fruitless efforts to maintain

them unsvstematically and in an unscientific manner.

It must also be evident from a study of exj^enditures in
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Europe that our road revenues are entirely inadequate. While

our annual expenditure of $80,000,000 may seem a large sum,

it is only about $38 per mile to meet all new construction, bridge

building and other class of maintenance. We not only must have

more money for building roads, but also definite provision for

maintenance, a system of continuous repair and a centralized,

skilled supervision.

MEMORANDUM OF WORK OF THE OFFICE OF PUBLIC ROADS.

The Office of Public Roads was established under an Act of Congress
approved March 3, 1893, making an appropriation of $10,000 to the Depart-

ment of Agriculture for carrying out the following provisions

:

Making inquiries in regard to systems of road management throughout

the United States.

Making investigations in regard to the best methods of road making.
To prepare didactic publications on this subject suitable for publication,

and to assist the Agricultural Colleges and Experiment Stations in dis-

seminating information on this subject.

The work of the Office was, at first, of necessity very limited. In 1897
the construction of short sections of sample roads under the supervision of

skilled road builders from the Office was begun in a small way, in co-opera-

tion with the various Agricultural Experiment Stations.

In December, 1900, a testing laboratory was established for determining
the value of different road building materials, and two years later the

appropriation for the Office was increased to $20,000, the bill also providing
for the investigation of the chemical and physical character of road materials.

From this modest beginning, the work of the Office has grown in a con-
servative way until at the present time the annual appropriation amounts
to about $117,000.

The work of the Office is entirely educational and investigative. In
the educational work, an effort is made to arouse a vigorous yet conservative

sentiment in favor of the betterment of public roads. Advice and sugges-
tions are freely given upon application, intending to aid in bringing about
needed reforms in legislation and administration and to introduce by prac-
tical and instructive methods the form of construction and maintenance
best adapted to each locality. Every improvement in methods and materials
with which the Office becomes acquainted is in turn given out to the people
to be utilized as fully as practicable.

Briefly summarized, the educational work of the Office may be said to

have for its objects:

1. Reforms in road laws.

2. Reforms in road administration.

3. The introduction of the best methods of construction and maintenance.
4. Improvement in the efficiency of local road builders.

5. The utilization of the most suitable road building materials available.

In carrying out its educational policy, the Office has availed itself of
three very effective mediums

:

1. The publication and wide distribution of government bulletins.

2. Practical lectures and expert oral advice.

3. The building of object-lesson or demonstration roads.
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The results thus far accomplished in the educational field have been
most gratifying. The Office has issued upwards of 200 publications, includ-

ing its annual reports. These publications deal with nearly every phase
of road work and most of them are for free distribution to the public. The
bulletin on macadam roads tells in a plain, practical way what a macadam
road is, how it should be built, how it should be maintained and what the

various materials are and how they should be used.

The bulletin on sand-clay roads gives similar information for this class

of construction.

A bulletin has also been issued telling in detail how to construct and
use a split-log drag on an earth road. The experimental work of the Office

is fully set forth in various publications in order that they may be utilized

to the fullest extent by other investigators.

The lecture work covers a wide field ranging from informal talks before
farniers and county-road officials to papers and addresses presented before
great organizations, national in their scope, such for example, as The
American Society for Testing Materials ; the American Society of Civil

Engineers and the American Road Makers' Association.
The Office does not maintain a corps of trained lecturers, but its

engineers and practical road builders are utilized for this purpose with very
great success, because they know whereof they speak. In most cases, the
Office pays the entire expenses of their assignments, although it is not an
•nvariable rule, as a co-operative sharing of the expenses is arranged when
practicable.

The Office employs a corps of engineers which has come to be recog-
nized as a body of consulting specialists in highway engineering. This work
covers so wide a field geographically that in the course of a few years these
men become familiar with practically every condition, every material and
every method of construction. It is quite natural, therefore, that they should
be called upon to advise upon intricate and difficult points of road building
throughout the entire country. This expert examination and advice is

conducted independently of the regular object-lesson road work.
In the building of object-lesson roads, the Office has found perhaps its

greatest field of usefulness. For many years the Office furnished the engineers
and experts to lay out, plan and erect the building of these object-lesson
roads, as well as the machinery with which to do the work, but the furnish-
ing of road machinery has been discontinued, and the Office is now demon-
strating w^hat can be done with facilities locally available. The old plan
of furnishing machinery involved considerable delay and expense, and estab-
lished a standard which could only be continued through the purchase of a
similar equipment by the local authorities. Since the practice of furnishing
machinery has been discontinued, the Office has about trebled the amount
of work done and has reduced the cost.

Another improvement has been made in this project, in having the
instruction given by the engineers apply practically to the entire road system
of a given locality, the actual construction, however, being confined to a
small section of road.

Since its establishment, the Office has constructed about 364 object-
lesson and experimental roads in 35 States, illustrating the construction of
macadam, brick, gravel, sand-clay, burnt-clay, shell and earth-roads, as well
as many experimental roads of special materials and binders. This assist-
ance is granted free of cost to local communities, the Office requiring only
a simple form of application, in which local authorities agree to furnish
the rights-of-way, the necessary machinery, materials, labor, fuel, etc., and
in which the Office agrees to pay the salary and entire expenses of the
engineer so assigned. In the building of these object-lesson and experimental
roads, the Office has been instrumental in saving many hundred thousand
dollars in the aggregate, through the selection of materials; the substitu-
tion of correct methods for incorrect methods, and less expensive types
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of roads for the more expensive types, where, by reason of peculiar conditions,
the efficiency of the road was not sacrificed by the change.

For example, Pike County, Alabama, had determined upon a large bond
issue to be expended in the building of gravel and macadam roads. Upon
application from the local authorities, an engineer from this Office was sent
to Pike County, and after due examination found ideal conditions for sand-
clay roads, and induced the local authorities to change their plans so as to
utilize to the fullest extent this cheaper form of construction. To-day, Pike
County has over 200 miles of superb sand-clay roads, built at an average
cost of $600 per mile, which is about one-fifth of what the macadam roads
would have cost.

GOVERNMENT STUDYING CONDITIONS IN YELLOW PINE
FORESTS OF THE SOUTHWEST.

A study of conditions in the yellow pine forests of the Southwest, made
during the past season by the United States Forest Service at the recently
established Coconino Forest Experiment Station, has brought out very strik-

ingly the difficulty of securing natural reproduction in this type of forest.

In northern Arizona, perhaps at least half of the forest is without young
growth of any kind, and old cuttings are frequently barren wastes. The
most important factors in bringing this about are the climate, fire, methods of
cutting, disposal of brush, and grazing ; in most cases two or more of these
factors work together in preventing reproduction.

Qimatic conditions, even when they do not injuriously affect the older
trees, are apt to be especially unfavorable for the establishment of a good
crop of seedlings, and curiously enough, in a region noted for its heat and
aridity, frost is one of the most serious enemies of the young growth. The
rainfall is very unevenly distributed throughout the year, and while in most
of the yellow pine region it probably averages about twenty inches, this comes
mainly in midsummer and winter.

Spring is the most arid season of the year, and it is almost impossible
for seedlings to get started then. The result is that a majority of the seeds

germinate during August, and not having time to fully complete the season's
growth, are killed by early fall frosts. Foresters who had previously investi-

gated this problem had realized in a general way the importance of frost,

but it was not until actual experiments by means of sample plots were made
that this point was definitely settled.

Owing to the extremely trying climatic conditions, some protection to

the young seedlings for the first year or two is necessary. Consequently light

cuttings are favorable, and the disposal of brush by scattering rather than by
burning helps to protect the seedlings from the weather. The greater part

of the region is quite heavily grazed, and experiments have shown that sheep,

in particular, do a great deal of damage to young seedlings. Sample counts
showed that within a pasture from which sheep were excluded, only 5.4 per
cent, of the young trees were injured by the grazing of burros and cattle,

while immediately outside of this same pasture, where the sheep were allowed
to run at will, 28.2 per cent, of the young growth was damaged. Trees up to

three or four feet in height are apt to be injured in this way, but the full

extent of the damage is often not realized, since the inconspicuous young
seedlings are damaged most severely. Fires, of course, completely destroy
young growth on burned over areas, and their prevention is absolutely neces-

sary if a satisfactory second crop is to be secured.

While the study has not yet been completed, the preliminary results are

of great practical interest and value, and point to the methods of management
which must be used in this type of forest. Light cuttings, disposal of the

brush by lopping and scattering, and the exclusion of sheep until the cut-over
areas have a satisfactory young growth, seem to offer the best means of

furnishing a sufficient supply of seed and of protecting the young growth
from unfavorable weather conditions and from destruction by grazing.
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[The data on glare effect submitted in this paper is approximate rather
than exact. It is derived from a very carefully planned and conducted ex-
perimental research on this subject, which, however, is intended merely as

preliminary to a more extended research that the author hopes to conduct.
The data is, nevertheless, amply exact to reliably indicate the order of magni-
tude and character of the factors concerned. In obtaining the data, a light

source of approximately 50 sq. in. projected area and having a roughly
uniform intrinsic brilliancy was used; the data, therefore, is probably most
closely correct for light sources approximating this projected area.]

It is profitable to preface a study of street lighting by a

glance at the historical development of this subject. The history

of street lighting shows four quite clearly defined epochs, the

last of which we are just entering. First there was the epoch,

stretching back into prehistoric times, when the moon was the

only source of street illumination in the primitive settlements of

man. Then comes the long epoch, from early Grecian days down
to about the beginning of the eighteenth century, when the moon
was supplemented by a torch or lantern carried by those who
found occasion to use tlie streets by night. The third epoch,

the epoch of street lighting as a public undertaking by the

community, began in a very modest way about 1736, and may
be taken as extending down to the present time. The movement
towards public street lighting, once started, made steady yet

rather slow progress for a century and a half, until about

1880, when the introduction of the arc lamp, followed fifteen

years later by the introduction of the Welsbach mantle, gave
a great impetus to the movement. The last twenty years

of what I have here designated as the third epoch has been

359
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strikingly characterized by a rapid and great advancement

in the mechanical and operating characteristics of street illumi-

nants, and in their efficiency. In our own country this advance-

ment has been chiefly due to the masterful and vigorous develop-

ment work of the leading arc and incandescent lamp manufac-

turers and of that great corporation which stands behind most

of the gas mantle street lighting of America. It is not surpris-

ing, therefore, to find that these commercial interests have so

centred their attention on operating characteristics and efficiency

that they are only just beginning to awake to the dawn of a

new epoch which alone has been made possible by the fruits of

their efforts.

We are standing to-day in the dawn of a new epoch—the

epoch of street illumination as contrasted with street lighting.

Just as the perfection of the elevator made the skyscraper possible

and brought about a new epoch in the architecture of our city

business sections, so the high efficiency and the satisfactory

operating characteristics of our most modern street illuminants

makes possible a real illumination of our streets, instead of the

splashes of light with which we have had perforce to be content

in the past. Just as the growing congestion of our cities de-

manded the tall building, so the growing and already extensive

use of our streets by night demands adequate street illumination.

It becomes, therefore, at the present moment a matter of peculiar

interest and importance to determine the illumination require-

ments which must be met in order to obtain adequate street

illumination.

The problem of illumination is a complex, ' molecular ' one

rather than a simple, ' atomic ' one. To be adequately studied,

the problem of illumination must be split up into its constituent,

subordinate problems, and these studied separately and in their

relations to each other.

Fig. I, repeated with a slight revision from a previous

paper * by the author, schematically sliows the subordinate

problems wliich combine to make the problem of illumination.

Intensit}' and distribution are linked together as quantity factors.

Distribution is simply the problem of relative intensities, of pro-

portion of intensities at different points. Diffusion and color

* Sweet, Standard Relations of Light Distribution, Transactions of the

Illuminating Engineering Society, November, 1909.
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value are grouped together as quality factors, though each is,

of course, independent of the other. Total light flux in the

field of vision and shadow contrasts are two closely related yet

separate factors affecting the efficiency of the eye, the receiving

apparatus. Subordinate to the factor of total light flux in the

field of vision, but of the most vital importance, is the factor of

the intrinsic brilliancy of light-giving or light-reflecting objects

in the field of vision.

The relation of the above analysis to the problems of street

illumination becomes at once apparent. There are two results

to be achieved in adequate street illumination which are both of

such paramount importance that it is properly a matter for

individual opinion as to which should be ranked first. These

are the avoidance of glare effect and the obtaining of an approxi-

mately uniform degree of illumination at all points along the

Fig. I.
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course of the street, with higher intensities at street corners.

These two results can only be obtained, the one by the correct

solution of the allied problems of intrinsic brilliancy, total light

flux, and shadow contrasts, the other by the correct solution of

the problem of distribution (see Fig. i).

Let us separately take up in preliminary fashion each of the

results sought and define it a little more exactly.

Glare effect results whenever, throughout any infinitesimal

period of time, an amount of light continues to fall upon the

actively visualizing portion of the retina of the eye sufficient in

quantity to cause chemical changes more rapidly than the regener-

ative functions of the eye can keep pace with. Thus when an

eye, which has been exposed for some time to conditions of dark

with resultant pupillarv expansion, is suddenly exposed to even

a moderate light, glare effect results. An excessive amount of

light reaches the retina through the expanded pupil, and the
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regenerative functions cannot keep pace with the chemical changes

induced. Rapidly, however, the pupil contracts, the regenerative

functions regain their normal control, and the glare effect passes

away. If now the eye be exposed to a still greater intensity of

light, beyond the very limited capacity of pupillary contraction

to compensate for, or if an even moderately bright light source

is introduced near the centre of the field of vision, glare effect

is again experienced; and this glare effect, after a brief period,

reaches a certain state of equilibrium characterized by a quite

definite decrease in efficiency of vision, which decrease there-

after increases in magnitude only rather slowly. We may, there-

fore, for convenience designate a glare condition as casual, when
it results from the inability of the pupil to adjust itself instantly

to a changed condition of light intensity, and as fundamental

Fig. 2.
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when it results from a light intensity exceeding the contractive

power of the pupil to compensate for, or when it results from

a light source near the centre of the field of vision.

The presence of strong shadow contrasts tends to produce

a casual condition of glare. The evil effect of the shadow

contrast lies in the demand it introduces for instantaneous pupil-

lary changes of considerable magnitude when the eye is turned

from the shaded to the unshaded area, or vice versa. In street

lighting, this casual condition of glare is much less objection-

able to the slowly moving pedestrian than to the more rapidly

moving automobilist or carriage driver. It is usually sufficient,

therefore, to throw the shadows toward the sidewalk and to

provide against too deep shadows. The avoidance of objection-

ably-located shadow contrasts can only be taken care of by the

proper placement of the light sources, while the intensity of the
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shadow contrast can be decreased by using smaller light sources

placed nearer together. The problem of shadow contrasts, while

of considerable importance, is one that must be solved individually

for each individual case. It needs no further independent con-

sideration in this general study of our subject.

Brilliant, high candle-power light sources in the field of

vision, the usual practice in contemporary street lighting, produce

a fundamental condition of glare, with resultant heavy decrease

in efficiency of vision—with probably also, be it noted, a per-

manently injurious effect on the faculty of vision. This funda-

mental condition of glare arises from the intrinsic brilliancy and

total light flux of the light units employed and can only be

avoided by the proper limitation of these. The study of the

relations existing between intrinsic brilliancy and total light

Fig.
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flux on the one hand, and glare effect on the other, becomes,

therefore, one of the two chief purposes of an analysis of the

illumination requirements of street lighting. The end sought

should be the elimination of glare effect, or at least its reduction

to such a permissable minimum as will not seriously decrease

efficiency of vision nor be sufficient to produce eye discomfort.

The derivation of the polar curves of light distribution which

will give the proper relative intensity of illumination for points

along the course of the street is, as has already been noted, the

second of the two chief purposes of an analysis of illumination

requirements in street lighting. Here the end sought is the

uniform illumination of all points along the course of the street.

There is no reason either in scientific fact or in common-sense

why one point along the course of the street should be more
brightly lighted than another, with the exception of street inter-
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sections and similar crossings later to be noted. The present

almost universal condition of brighter illumination under and

near the light unit is simply a concession to our present ignorance

of how to obtain something better. There is, on the other hand,

abundant reason to condemn this spot-lighting practice.

At street intersections and similar crossings a brighter

illumination is needed, for obvious reasons. This should be of

from four to eight times the intensity of the illumination along

the main course of the street. Such brighter illumination is

properly provided for by employing from four to eight light

units each having the same light distribution as the units used

along the course of the street, or by one or two light units of

similar light distribution and larger size. The street inter-

section, therefore, presents no complication to our problem, and

A A
Fig. 4.
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its proper treatment becomes merely a matter for adequate

consideration at the time of installation.

The statement is often heard that in street lighting absolute

uniformity of illumination is not required nor of any particular

importance. Taken in a very strict sense, this statement con-

tains much of truth. But this statement has been so very

generally used as a refuge for loose thinking, by the scientific

man as well as the layman, that it is worth a moment's careful

consideration. It is true that a variation of two to one, taking

the minimum intensity as unity, is only barely noticeable and

is entirely perniissable. But let us invariably ask our friend,

who says uniformity is not required, what numerical value he will

assign as ratio of maximum to minimum intensity. If he gives

us four to one, or a less ratio, we will agree with him and ask

him to oblige us by keeping this ratio in mind in our further
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discussion. If he gives ns eight to one or twenty to one or

some such figure, we will disagree with him ; and we w^ill propose

a hopeless task tp him if we ask him to justify, by properly estab-

lished scientific fact, such a ratio as permissible from any other

standpoint than that of our possible inability to obtain a greater

uniformity. At the same time we may profitably point out to

him that the ratio in present practice most frequently falls

between one hundred to one and five hundred to one.

Another much-mooted question concerns the way in which

illumination should be measured, whether horizontally or per-

pendicular to the light ray. The latter method has been largely

adopted in American practice chiefly through the influence of the

commercial interests concerned, who desire to make the minimum

1^ t! ^
Fig. 5.
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value look as large as possible. There is little to be said in

favor of it except that it may help us to remain in a fool's Para-

dise concerning the satisfactoriness of the illumination we are

getting. It is true that in street service, illumination is desired

at different times on almost every conceivable plane. But the

best single measure of how* well these many diverse requirements

are met is the intensity of illumination on the horizontal plane.

The horizontal plane, therefore. Avhich is the accepted reference

plane in interior lighting, is the logical and most satisfactory

basis for street illumination measurements.

The ideal to be aimed at. therefore, in street lighting, as far

as intensity is concerned, is uniform horizontal illumination.

On this basis we can now^ proceed to derive the ideal curves of

light distribution. These curves once derived, we may properly

take into account the fact that absolute uniformitv is not of
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importance : and we will only ask that the actual light distribution

sought for as a practical ideal show no greater variation from

our theoretical ideal than four to one in ratio of, maximum posi-

tive variation to maximum negative variation as read in per-

centage values of the theoretical curve along the corresponding

angles.

The nature of a street makes most natural a placement of

light units as a line of single rmits extending along the street,

the units being hung over the centre of the roadway or located

alternately on either side. For all practical purposes, these two

cases can be treated as one, the separation of adjacent units

being taken as the straight line distance between the units, and

the distribution curve derived being the correct distribution in a

vertical plane passing through the unit concerned and the adjacent

unit.

Fig. 6.
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There are an infinite number of light distributions which

will give unifomi illumination from a line of light units along

a line extending immediately under those units. Other considera-

tions than the obtaining of uniformity must therefore serve to

enable us to select the most desirable distribution curve.

Two such considerations are of especial importance and may
therefore be applied with especial propriety. First, we should

seek such a distribution as will be best suited for actual, practical

attainment. This consideration is of the more importance be-

cause, as we shall find, even when maximum weight is given

to this consideration, our derived curv'e will present considerable

though by no means insurmountable difficulties of practical reali-

zation. Second, the illumination at any point should be derived

from a source as near as possible in order to avoid both exces-
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sively long shadows, and the glare effect which results from the

high candle-power made necessary by illumination at great

distances.

Fig. 2 shows one possible illumination curve. Here each

light furnishes the entire illumination on either side out to a

point midway to the next light. This curve would mean a light

distribution in which the candle-power values dropped instantly

from a maximum to zero at the angle subtended by half the

separation of the units—a condition impossible of satisfactory

realization. This distribution curve is also undesirable because

it shows a considerably higher maximum candle-power than

would be required by certain other forms of illumination curve.

Fig. 7.
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Fig. 3 shows an illumination curve in which the intensity values

decrease uniformly from a maximum directly beneath the lamp

to zero directly beneath the adjacent lamp. The corresponding

distribution curve has its maximum at an angle subtended by

the separation of the units, beyond which the candle-power values

drop instantly to zero, while in addition the maximum has an

unduly high value. Fig. 4 shows an illumination curve in which

the intensity values decrease uniformly and reach zero under

the lamp beyond the adjacent lamp. Enough has already been

deduced to make it obvious that the corresponding distribution

curve would be particularly undesirable. Fig. 5 shows a sine

wave type of illumination curve,—a more satisfactory type tjian

any above considered. This distribution curve has a relatively

low maximum and is as well adaptable to practical realiza-
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tion as any curve obtainable. It has, however, one defect. The
maximum value occurs at an angle considerably greater than that

subtended by half the separation of the units. To obtain mini-

mum glare effect, the angle of maximum candle-power should

be as small as possible in order that the light source may be

removed as far as possible from the centre of the field of vision

when the eye reaches the point toward which the maximum
candle-power is directed.

Many other types of illumination curve could be given and

the corresponding distribution curves shown to be open to objec-

tion. Suffice it to say that it can be established by a mathematical

line of reasoning, which space limitations do not permit to be

Fig. 8.
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here given in detail, that the curve which best meets the conditions

imposed is such as shown in Fig. 6. This curve is formed by

two circle quadrants combined as shown. The corresponding

distribution curve shows a low maximum which occurs at a

slightly smaller angle than that subtended by half the separation

of the units. It is also as well adaptable to practical realization"

as any curve obtainable.

We have, therefore, obtained the ideal illumination curve

from which the desired distribution curve can be easily derived.

Our next task is to put these results into such form as to be

easily applicable to practical conditions.

Xhe relation between any desired illumination results and the

distribution required to produce those results depends, in the

type of problem under consideration, upon

:
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a. The distance between adjacent units.

b. The height of the light unit above the street.

That is to say, for any given separation of units and height

above street, we can easily calculate the distribution curve which

will produce the desired illumination result.

It is obvious that any given distribution curve will give the

same proportionate illumination results so long as the relation

between the separation of units and the height above street is

kept constant, since so long as this relation remains constant,

the angular relations are unchanged. We can combine, there-

fore, the factors (a) and (b) (see above), and say that the

distribution required to produce any given illumination result

depends upon the relation between (a) and (b). Let us call this

relation M.

, distance between adjacent light units

height of light unit above street

For any value of M there is a given distribution curve which will

produce the desired illumination result.

Present-day street lighting practice shows a wide variation in

the value of M. The writer has recently addressed the manage-

ments of the central stations and gas interests in most of the

large cities of America and through their kind co-operation

obtained an official statement in each case as to average,maximum
and minimum separations, and mounting height above street.

The values of M thus obtained (based on average separations)

vary from M t^ ^ to il/= 3i. The smaller cities would

probably show in general a higher value for M than the large

cities. All things considered, a value M=i$ can probably be

taken as the most representative value of present-dav American

practice, with a marked tendency towards smaller values in the

more recent installations.

Fig. 7 shows the distribution curve required to produce

uniform illumination when M= 12. Here we are at once

brought face to face with the nature of the problem that con-

fronts us. It needs no specialist to point out that such a curve

as shown is impractical for actual realization, and would be

extremely undesirable, even if it were practical to obtain it,

on account of the excessive glare effect resulting from the very

high candle-power nia.ximum at a large angle. It will be ob-
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served that the maximum candle-power is about 130 times the

minimum, or zero degree, candle-power.

Fig. 7 serves one excellent purpose. It shows concisely and

beyond argument that, with a value M=i2 or greater, any

attempt at adequate street lighting is absurd. If ignorance and

a false economy compel an installation value of M=i2 or

greater, the pretense of obtaining " street illumination " should

frankly be abandoned. Instead, the lights should be installed

on the basis of a system of street markers, and located where

they will best serve as markers. In such case, maximum use-

fulness as markers will be obtained when the candle-power values

at the different angles are as close as possible to, yet not ex-
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apparentcandle: powtf?

P^ gJO 600 ISO /OOP I7S0 ISOO t7S0 7000M

J 10 15^6 iS36 o5 HO "iS dO

ceeding, the limits imposed by the avoidance of glare effect. Be

it noted that in sparsely settled districts, where the very slight

use of the streets by night may not warrant adequate street

illumination, such a system of markers has a very real field of

usefulness. But it should avowedly be a system of markers, not

an abortive attempt at street illumination.

Fig. 8 shows the required distribution curve for uniform

illumination when M= 8. Here we are beginning to approach

a form of curve practical for actual attainment; but the still

very high candle-power maximum is prohibited by the limitations

imposed by avoidance of glare effect.

Figs. 9 and lO give the required distribution curves when

M^ 6 and M= 4 respectively. These distributions are en-

tirely practical for actual attainment. For instance, referring
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to Fig. II, the full-line curve shows the actual distribution of

one make of arc lamp to-day on the market, the curve being one

obtained by test by the Electrical Testing Laboratories. The
dotted curve is the ideal curve for M= 4. It will be seen that

the agreement of the two curves is admirable up to an angle of

about 62 degrees. The curves M= 4 and M= 6 would also

be comparatively easy of attainment with the incandescent lamp
or with the inverted gas mantle. This is of especial importance

since, with these lower values of M, such smaller units give

amply sufificient intensity of illumination except in those business

centres where night traffic is considerable.

Smaller values for M than 4 would obviously fulfill all the

Fig. 10.
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conditions imposed by the requirements of good illumination. It

will later be shown by our study of glare effect that a value

M= 3 is necessary to obtain best results whenever, on account

of shaded conditions of street or other considerations, it is desir-

able to mount the units at a height of 15 feet or less above the

street. Closer spacing of units than M= 3 entails a correspond-

ing increase in installation and maintenance costs, and is not

demanded by the illumination limitations of the problem.

This far in our discussion, we have considered distribution

only as referred to the vertical plane passing through the light

unit and its adjacent unit. We will now consider the vertical

plane perpendicular to the street line. In those rare instances

where the width of the street from property line to property line

is greater than the separation of adjacent units, the ideal distribu-
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tion in this latter plane is similar, for the lesser angles, to the

distribution required by the existing value of M. It continues,

however, to a higher maximum, turning and receding rapidly to

zero above the angle subtended by the distance from the light

unit to the more distant property line. When the street width

is not greater than the separation nor less than three-fourths

of the separation, the distribution in the plane across the street

should be approximately the same as in the plane through the

light units. When the street width is less than three-fourths

of the separation, the distribution in the plane across the street

is similar, for the lesser angles, to the distribution required by the

Fig. II.
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existing value of M. But in this case, the maximum is lower,

the curve turning and receding rapidly to zero above the angle

subtended by the more distant property line. In oblique planes,

the distribution values should be proportionately intermediate

between the values in the two planes already considered.

It is proper to note that the importance of obtaining correct

distribution results in the plane perpendicular to the course of

the street, and in adjacent oblique planes is rather one of obtain-

ing maximum efficiency than of guarding against unsatisfactory

illumination results.

Summing up the previous paragraphs, the requirements of

good street illumination, as determined by distribution consider-

ations, are as follows: Uniform horizontal illumination is the
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ideal to be aimed at, and the approximation to this ideal in actual

practice to within a four to one ratio of maximum to minimum

may be taken as sufficiently close for all practical purposes. The

most desirable type of curve for the illumination delivered by the

individual unit is such as shown in Fig. 6. When the light

sources are separated by a distance greater than six times the

mounting height above street, it becomes impractical to design a

unit giving such light distribution as would be required for a

sufficiently close approximation to uniform illumination. When
the light sources are separated by twelve times the mounting

height or greater, the pretense of adequate street illumination be-

comes an absurdity; and when ignorance of the factors involved

Fig. 12.

has led to such separations, best results can be attained by aban-

doning all pretense of street illumination and by installing the

light units as a system of street markers. Separations of three

to six times the mounting height are required by distribution

considerations.

The second great division of our subject, the study of glare

effect, has already been introduced in general terms in the earlier

portion of this paper. It now remains to analyze glare effect

closely, to determine the laws of operation of the conditions that

produce it, and to learn the limitations which it imposes on our

problem.

As will at once be recognized, the consideration of avoidance

of glare effect will operate by imposing a definite candle-power

Vol. CLXIX, No. 1013—21
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limit at each distribution angle, this limit varying only with

the mounting height. In proportion as this candle-power limit

is exceeded a greater or less glare effect will result. The exact

relations of this limitation will be apparent by reference to Fig.

12.* Here are shown two ideal distribution curves, M= a and

M r= b. It is presupposed that the circular co-ordinates have

definite candle-power values assigned to them. Now for any

given mounting height, there will be a definite curve of zero glare

effect as illustrated by the indicated fictitious curve. Along any

angle, candle-powers greater than those indicated by the zero

curve will produce a greater or less glare effect. All ideal

distribution curves exceeding- some definite value for M will be

Fig. i^.
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intersected by the zero glare eft'ect curve. Such curves of ideal

distribution, typified by the curve M= b, are therefore unsuited

for application to actual practice, since they would introduce a

more or less serious condition of glare with resultant decrease in

visual efficiency. The net result, therefore, of the limitations

imposed by the avoidance of glare effect, will be to eliminate for

any given mounting height all curves of ideal distribution exceed-

ing some definite value of M.
We now have clearly before us the nature of the limitations

imposed by the avoidance of glare effect. There remains to be

determined the exact shapes and candle-power values of the zero

curves for different mounting heights.

* In this figure, a very erroneous curve of zero glare effect has purposely

been assumed.
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Subject to confirmation by research results, glare effect may
be assumed to vary with the following factors

:

(a) Distance of the eye from the light source.

(b) Total light flux in the direction of the eye, this being

measured in apparent candle-power at the distance of the eye.

(c) Intrinsic brilliancy of the light source.

(d) Angular position of the light source in the field of vision,

the visualized object being assumed to occupy the centre of the

field of vision.

Fig. 14.
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(c) Distance of the light source from tlie eye relative to the

distance of the visualized object upon which the eye is focused.

In the research to be reported upon in the following para-

graphs, the factor (a) was separately studied and determined

with sufficient exactness to reliably indicate its character and

approximate magnitude for distances up to too feet. Factors

(b) and (c) were studied unseparated. as a single factor, the

light flux varying directly as the intrinsic brilliancy. Factor

(d) was separatelv studied and evaluated. Factor (c) was

not investigated, the distance of the light source from the eye

being in all cases taken as ctjual to the di.stance of the visualized
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object. This condition corresponds to the most usual condition

of actual street vision.

Heretofore no satisfactory measure of glare effect has been

proposed. Since we are dealing with a psychological phenome-

non, the basis of measure must obviously be a psychological one.

On the other hand, the measure must be expressable in definite

numerical units. A basis of measure fulfilling these require-

ments was conceived of for this investigation and proved a very

satisfactory one. Preliminary to a more detailed description,

such a measure may be described as the ratio of the two minimum
light intensities on the visualized object, of magnitude just

Fig. is.

sufficient to enable its discernment, when the eye v.as successively

exposed to the two conditions under comparison.

A careful preliminary investigation established the fact that,

under widely varying daylight conditions, visual acuity was

wholly independent of distance, within the limits investigated:

that is to say, with any given type of visualized object, the

minimum size of object which can be just barely distinguished

as a separate unity is exactly proportional to the visual distance.

Three different test plates, as shown in Figs. 17, 18, and 19 were

employed. In these test plates, each object or unit gradation is

10 per cent, smaller than the one previous.

After establishing the fact just stated, each observer was
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calibrated, the determination being- made of the minimum unit

gradation which could be individualized under daylight con-

ditions at various standard test distances. The fourth larger

gradation was then chosen as the test object at the corresponding

distance in the glare tests. This made it certain that the test

objects were, by a uniform amount, well within the limits of

visual acuity under adequate conditions of illumination. Conse-

quently the ability to visualize these objects was wholly deter-

mined by the visual efficiency of the eye and by the intensity

of illumination on the object. Expressed mathematically, we are

here dealing with a constant which is a function of two variables.

Fig. 16.
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One variable, therefore, the minimum intensity of illumination

on the object required to produce just-visibility, may be correctly

employed as a measure of the other variable, the efficiency of

the eye under any given condition. [The author believes that

this basis of measurement is a very satisfactor}- one and has

a wide field of usefulness in future investigations of this

character.]

The basis of measurement being established, tests were first

made to determine the relation between distance of the light

source from the eye and the magnitude of the decrease in visual

ef^ciencv due to glare. These tests were made at five test

stations, three independent sets of readings, one with each test

plate, being taken at each station. Parallel tests were made with
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different obserxers. The complete series was tlien repeated with

each observer, using- various other candle-power intensities of

the light source. The area of the Hg'ht source throughout all

these tests was kept constant, at about 50 square inches, the

intrinsic brilliancy thus varying directly with the candle-power,

as has already been stated.

Fig. 13, derived from the test data obtained as just described,

expresses the relation between glare effect and distance, the light

Fig. I/.'
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unit being situated beside the visualized object in the centre of the

field of vision. The ordinates express visual efficiency in terms

of the per cent, intensity of illumination on the visualized

object which would be required for equal visual acuity were the

light source entirely removed from the field of vision. It will

be noted that at 123^ c.p. and ah intrinsic brilliancy of 0.25

(British units), the glare effect drops off at a moderate rate with

increase in distance. At higher candle-powers and higher in-

trinsic brilliancy, the glare effect decreases more slowly with

increase in distance; until finally, at 400 c.p. and an intrinsic
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brilliancy of 8, there is no measurable decrease in glare effect

with increase in distance within the limits investigated.

Fig. 14, derived from the same test data, expresses the rela-

tion between glare effect and candle-power (or, as it may be

instead, between glare effect and intrinsic brilliancy). These
curves are especially significant. It will be seen that, for all

ordinary distances, the presence of a light source of even a very

low candle-power in the centre of the field of vision causes a

tremendous drop in visual efficiency. It will also l^e noted that

at 300 c.p. the glare effect has nearly reached its maximum, and
that beyond 300 c.p. a large increase in candle-power produces

but a small decrease in visual efficiency. Finally one should not

fail to observe that at any given candle-power a considerable

increase in distance produces only a small decrease in glare effect.

The relation between glare effect and the angular position of

the light source in the field of vision was determined by a series

of tests similar in general method to the tests already described.

The amount of illumination required to see the test object when
the light source was in the angular position was compared with

the amount required when the light source was in the centre of the

field of vision. The results obtained are shown in Fig. 15. The
ordinates here express the intensity of illumination required with

the light source in the centre of the field of vision as measured
in terms of the required intensity with the light source in the

indicated angular position. This basis of plotting was chosen

because of its convenience in enabling the curves of Figs. 13

and 15 to be combined, thus giving the net glare eff'ect for any
desired angle and distance. The abcissae in Fig. 15 represent

the angles which the line from the light source to the eye makes
with the line of vision.

The curves of Fig, 15 express a fact of the very highest

importance in the study of glare, namely, that, at an angle

varying, depending on the candle-power (intrinsic brilliancy?),

between approximately 22 degrees and approximately 26 degrees

the glare effect reaches zero, although the light source is still

well within the field of vision. This would seem to indicate

that on its physiological side, glare eff'ect is a local retinal dis-

turbance which, wMien sufficiently separated on the retina from
the disturbance produced by the visualized object, does not extend

to or affect the latter area of disturbance. This apparent fact



38o Arthur J. Sweet.

seems to hold true even when a considerable time factor is intro-

duced. Apparently pupillary contraction acts merely as a func-

tion protecting, within its very limited capacity, from a glare

effect more or less suffused over the whole retina. The writer

has previously believed that pupillary contraction was in itself

a cause of decreased visual efficiency in that, on account of pupil-

lary contraction, a lesser amount of light would be admitted

to the retina from the visualized object. He now believes that

Fig. i8.
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pupillary contraction should be regarded as a purely protective

function and not, through its operation, in any sense itself a

cause of decreased visual efficiency.

The practical importance attaching to these facts is of no less

vital interest than the scientific. Fig. 15 means that the light

instrumental in causing glare comes entirely from the polar angles

above 60 degrees. In the average actual case, glare is almost

wholly caused by the light between the angles of 65 degrees and

80 degrees with the nadir. The light within these angles must
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be partially or wholly suppressed, as the further facts of the case

shall show to be required, if glare is to be avoided.

In Fig. 12 and the text relating thereto, the operation of the

curve of zero glare effect in eliminating certain curves of distri-

bution was developed. We are now in a position to determine

the true curves of zero glare effect, which, as will be remembered,

will vary somewhat with the mounting height.

Fig. 16, derived from Figs. 13 and 15, gives the curves of

zero glare effect for various mounting heights. Comparing these

curves with the curve of ideal distribution wheij M^6 (Fig. 9),

we see at once that this curve, together with curves of larger

value of M, will be eliminated on account of the serious glare

effect which would result from the application of such distribu-

tions to actual practice. The curve M^ 4, however, comes

wilhin the limitations imposed by the curve of zero glare effect,

providing the scale of the M= 4 curve does not exceed that

amount which would make the zero-degree candle-power equal

to 100 c.p. The distribution curve corresponding to M= 3

would come well within the limitations imposed by zero glare.

Reference to Fig. 16 shows that for all practical purposes,

60 degrees is an absolute limit for maximum candle-power if

serious glare eft'ect is to be avoided. It will also be observed

that an increase in mounting height, while it does not change

the limiting angle for maximum candle-power, does considerably

lighten the severity of the limitations at 65 degrees and above.

Mounting heights of the larger values, when made possible

by actual conditions, are also desirable as permitting wider sepa-

ration of units with resultant decreased installation and mainten-

ance cost.

For mounting heights of 15 feet or less, the curve M^4
will produce considerable glare, beyond, indeed, what proper

limitations can permit. For such lesser mounting heights, as

has already been pointed out. a closer spacing of units and a

distribution corresponding to the curve M= 3 should be used.

In designing a light unit to give the desired distribution which

has largest field of application, namely the distribution from

M= 4, it will be preferable by far that the candle-power values

at 60 degrees and alx)ve, be less than those made proper by

the ideal curve, rather than that these ideal values be exceeded.

With an ideal curve of such candle-power magnitude as would be



382 Arthur J. Sweet.

most useful, the candle-power values at the angles under consider-

ation come perilously near to the glare limit, or may even exceed

the glare limit. A per cent, variation from the ideal curve

of four to one is, as has been pointed out (see page 366), per-

missable. Even a moderate condition of glare, on the other hand,

is very undesirable. Practical considerations, therefore, will lead

us, in the design of the actual unit, to intentionally deviate from

the M= 4 curve at the angles of 60 degrees and above, this

deviation being in the direction of lesser candle-power values.

It is of the utmost importance to note that if the glare limit

is exceeded at all, it will almost of necessity be exceeded exces-

sively. The curve of zero glare-effect runs almost instantly

back to zero near the angle of 65 degrees. The glare-effect

Fig. 19.

would therefore increase with great rapidity as an angle of 65

degrees was exceeded, even in the case of a distribution whose

curve approximated to one of the circular co-ordinates. The

curves required for luiiform illumination, on the other hand,

increase with great rapidity in candle-power values to their point

of turning. It is obvious that the curve of zero glare-effect must

be taken as a line of absolute prohibition. If it is to be exceeded

at all, it may as well be entirely ignored. For an apparently

small violation of the limit will produce a decrease in visual effi-

ciency of approximately the same order of magnitude as the

maximum possible effect.

It is also of great importance to note that the curve of ideal

distribution for M= 4. remains, though not an ideal, yet none

the less the best possible curve when applied to actual conditions
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where M has a larger value than 4. The curve M= 4 gives

the best spot-lighting effect and the best marker-effect which

are possible without engendering a condition of glare. This re-

search has indicated that, for ordinary mounting heights, moder-

ate glare is a mere name : the reality is always excessive glare.

It is the opinion of the writer, therefore, that glare must be

avoided, even if so important a consideration as proper distribu-

tion has to be sacrificed. And indeed, as has been shown, other

conditions than glare make a proper distribution impractical or

even impossible with the larger values of M. The curve M= 4
is to l>e regarded, therefore, not merely as the ideal curve for a

certain relatively close spacing of light units which the public

is not as yet educated up to, but as the best possible distribution

which can be applied to any of our present-day spacings.

This paper is not presented, therefore, as merely expressing

an ideal to be approximated to in a comparatively remote future.

Rather, it should serve as a guide of immediate usefulness and

application to present-day practice. And yet, as the writer is

well aware, before such application has gained any great head-

way, there must be a vast amount of educational work accom-

plished. The ordinary citizen of to-day uses in his ignorance the

very defect itself, the glaring character of a street illuminant.

as a measure of its excellence. Such ordinary citizen would con-

sider himself defrauded were he called upon to pay through his

taxes for a street illumination characterized by absence of glare,

by light on the street itself and not in the eye.

This paper, obviously, is not addressed to the ordinary tax-

payer. It is addressed, through the mediiun of your honorable

body, to the scientist, to the manufacturer of street illuminants.

to the central station superintendent, to the educated and public-

spirited citizen. Let these w^ork shoulder to shoulder in the

education of the public and this must eventually become a reality

in a no distant future. And the rewards, whether commercial

and material or as pride in a useful service accomplished, will

come first and in largest measure to those of us who join in the

work. So working shoulder to shoulder, let us teach the public,

teach them so thoroughlv that it becomes a popular catch-word.

"Light on the object, not in the eye." Let us teach them tluu

this " light on the object." can be accomplished only by a closer

spacing of light units, which will mean a larger increase in in-
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stallation cost, though but a small increase in operating cost:

that light " not in the eye " means of necessity absence of glare;

so that the excellence of a street illumination must be measured
by absence of glare, rather than by the presence of glare. Thus
working together, in our own time shall come the day when
our streets are illuminated by night as beautifully, and with as

great comfort to the eye, as the open country road lying clear

in the bright moonlight.

MEXICO'S SUPPLY OF LONGLEAF PINE AND CONDITION OF
NAVAL STORES INDUSTRY.

An aggregate area of 6,000,000 to 7,000,000 acres of longleaf pine, in

every way suited to turpentining, briefly indicates the extent of the only
partially developed naval stores resources of Mexico.

A peculiar and interesting feature of the Mexican turpentine belt is that
the turpentine-producing trees are found only in the mountains at high
altitudes, a condition directly reverse to that existing in the United States,

where trees at an altitude of 2000 feet are unproductive so far as turpentine
is concerned.

Carey B. Townsend, of New Orleans, who has spent some time investi-

gating naval stores conditions in Mexico has given an interesting account
of his observations. Speaking of the characteristics of the Mexican tree,

he says

:

" The Mexican turpentine pines present a different appearance from
our trees in the United States. The bark is thicker, nature providing this

as a protection against the cool nights of the high altitudes. The needles,

too, are shorter and coarser than those of our southern pines. The appear-
ance of the Mexican pines differs materially in the altitude in which they are
found, the trees at 8000 to 9000 feet presenting a sharp contrast to those at

5000 or 6000 feet. A close investigation with proper tests convinced me that

there is no difference in the yield or quality of the gum. In Michoacan,
where I spent most of my time, the altitude of the camp is 6000 feet. The
days are warm, but the nights invariably cool. I kept a thermometer record,

and the lowest the mercury went was 50° and the highest 88°.

" Turpentine runs freely in Mexico when the temperature is 60° or above.

While there is little or no flow at night, the first rays of the morning sun
striking the trees start the gum running freely and this only lets up when
darkness comes. I have never seen better running pines in _my entire

observation, which has extended from Cape Fear to the Sabine Riyer.

Owing to the cool nights it is proper to estimate the yield of the Mexican
pines at 25 per cent, less than the best output of our southern pines.

" The atmosphere evidently affects the quality of the crude gum, as I

noticed that the rosin produced from the old and high faces was of an
unusually good quality, grading from " I" to " M " instead of from " D

"

to " G," as in the United States. As to the relative yield of turpentine

from a given quantity of crude, it is about the same in Mexico as in the

United States."

In Mexico pack mules instead of wagons are used for transporting both

the crude and the finished product.

Mexico exacts a high tariff on naval stores imported into that country.

On turpentine, the duty is 15 cents per gallon in gold and on rosin $3-17

per barrel of 280 pounds. This tariff represents the difference in price

between naval stores in Mexico and in tlie United States. There were in

1908 only eight stills in Mexico and the average capacity of each was smnll.

The industry is little developed and as a consequence the local production

is not sufficient to supply the demand. This makes importation of both

turpentine 'and rosin necessary.



CHEMISTRY, AND THE CONSERVATION OF OUR
WATER RESOURCES.

BY

PROFESSOR MARSTON TAYLOR BOGERT,
Columbia University, New York City.

[The author points out the important bearing that the purity of our
water supply has upon its utilization for drinking purposes or in various
industries, and the services of the chemist in determining its availability for

these purposes. Attention is also called to the serious problem arising in

connection with the steadily increasing pollution of our streams and tide-

waters by sewage, factory waste and refuse of all kinds, and how chemistry
can be of service in the solution of this problem.]

The quality, as well as the quantity, of our water supply is

a matter of grave concern. The purity of our driiiking water is

of vital interest to all of us, and it is to the chemist and bacteri-

ologist that we must turn for assurances on this point. The
character of the water used is also of very great moment in

many industries.

The chief industrial use of water is for the production of

steam ; but if the water employed is rich in mineral salts, the

formation of scale will proceed very rapidly. Hence, even in

such a fundamental engineering operation as steam-power gen-

eration, the engineer must first consult the chemist as to the

quality of the fuel and water to be used. In the United States,

the average thickness of locomotive boiler scale is a sixteenth

of an inch. This means a loss of at least 13 per cent, in fuel

efficiency. For an eighth-inch scale, this amounts to 25 per cent.,

and for a half-inch scale, to 60 per cent. Taking one-sixteenth

inch then as the average boiler scale, this means for our 51.000

locomotives a total annual loss which may be conservatively

estimated at fifteen million tons of coal. The use of pure water

in the boilers reduces coal consumption, and by decreasing the

amount of repairs and prolonginc: the life of the boiler reduces

also the demand for iron.

In those operations where pure water is indispensable, the

cost of impure water is the cost of purification, and it is to the

chemist that the manufacturer must turn for instructions as to

3S5
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how this purification may best be accomphshed. For some uses,

as for boiler supply and paper making, the percentage of mineral

matter is the chief concern; whereas, in such industries as brew-

ing, distilling and ice manufacture, freedom from various micro-

organisms must also be considered. Impure water means addi-

tional cost of production also to bleacheries, dye w^orks, canning

and pickle factories, creameries, abattoirs and packing houses,

nitro-glycerin factories, woolen and strawboard mills, tanneries,

chemical works, and factories for the manufacture of starch,

sugar, glue and soap.

A serious problem arising in this connection is the steadily

increasing pollution of our streams and tidewaters by sewage,

factory waste, and refuse of all kinds. Practically all of our

city and town sewage is disposed of in this way, together, often,

with such other refuse as ashes, cinders, garbage and trash of

every variety.. In drainage and sewage there is considerable loss

of valuable fertilizing materials, the annual loss in phosphorus

alone being estimated as equivalent to i,20t»,ooo tons of phos-

phate rock. Few people have any idea of the vast amount of

solid waste which must be regularly removed and disposed of

in our great cities. In New York, excluding sewage, snow, street

sweepings and dead animals, the solid refuse (mainly ashes,

garbage and rubbish) amounts to over three million tons annu-

ally, or about 1450 pounds for every man, woman and child in

that city. This huge amount if piled together would occupy over

eight million cubic yards. The removal of that volume of earth,

for example, would suffice to excavate a canal twenty-seven feet

wide, ten feet deep and one hundred and fifty miles long
;
yet that

volume of solid refuse must be handled every year by the New
York Street Cleaning Department, in addition to the items

excluded above.

Sawmills, pulp mills, wood-distilling plants, tanneries, starch

factories, cheese factories, sugar refineries, gas works, chemical

works, glass works, dye works, oil refineries, distilleries and
breweries, smelters, mining plants, and many other industries,

pollute the streams with their wastes until the once crystal-clear

brook becomes a mixture of water, particles of wood, earth,

dust, cinders, fat, oil, soap, coal, wool, hair, and refuse of all

kinds, and different chemical ingredients and colors—a blue-

black, sluggish fluid. The waste of sulphite pulp alone in the
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United States is estimated at over one million tons a year, prac-

tically all of which finds its way into the streams, although it

contains substances related to the sugars and the tannins which

might be recovered with advantage.

Here is a most promising field for the chemist, and one in

which he has already accomplished much. The manufacturer

turns his waste into the stream for the same reason that the

smelter allows his furnace gases to escape into the air—because

he thinks that it is the cheapest thing to do. If the chemist can

show him how he can make more money by saving these by-

products and using them either for the production of heat and

power or for the preparation of valuable commercial substances,

he will no longer dump them into the stream.

The Water Supply Branch of the United States Geological

Survey analyzes the river waters to ascertain their potability,

their suitableness for manufacturing operations or irrigation, or

in relation to soil erosion. Recently, in co-operation with the

Rhode Island State Board of Health, it has been making an

investigation of various factory wastes now polluting the streams,

and it has been found not only that all those so far studied can

be satisfactorily purified at a reasonable expense, but also that

in many cases it can be accomplished with substantial profit.

The poisoning of our streams and coastal waters also affects

that portion of our food supply derived from these sources, by

either killing off all fish and mollusca. or rendering them unfit

for food. Brooks in the coal mining regions, once well stocked

with fish, have become blackened mine drains, in which life of

any kind is impossible. Although we are annually planting

probably six billion fry in our inland and coastal waters, an

amount greater than all. the rest of the world put together, those

best qualified to judge state that the maintenance of fish life in

this country is fast becoming impossible. Hence, if the chemist

can bring about a reduction of this pollution, he will be assisting

directly in preventing the loss of this food supply, to say nothing

of the debt of gratitude which all the disciples of Izaak Walton
will owe him. It should not be forgotten further that fish supply

us also with oil and fertilizer material, as well as with substitutes

for isinglass, gelatin and glue.

Although approximately two-thirds of the surface of our

globe is covered with water, less than 5 per cent, of our food
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supply is drawn from the sea. As it seems not unlikely that

by 1950 the population of the United States will be at least

two hundred million, the possibility of the seas contributing more

largely to our support is worth considering.

Professor Bonnycastle Dale predicts that seaweed will some

day be largely used for human food. Seaweeds have, to be sure,

been used as food for ages, and in certain parts of the Orient

constitute staple articles of diet, but the actual amount so used

is at present relatively small. It has been calculated that enough

proteids are lost annually in the decay of seaweeds on the sea

beaches of the United States to take the place of the total product

of our Northwestern wheat fields. In the great Sargasso Sea

sufficient nutritious vegetation flourishes and decays to support

the entire population of Europe, if harvested and prepared in a

form suitable for huijian consumption.

Thirty per cent, of our horsepower now used is used elec-

trically. At the present rate, it will equal or exceed power

mechanically applied by the year 1920. As has been said before,

we are entering the age of electricity, which means the age of

water-power and the age of electrochemistry. The electrification

of our railroads will result in the disappearance of one of the

most frequent sources of forest fires—hot cinders from loco-

motive stacks.

Chemistry's services in the field of irrigation include the

furnishing of the necessary explosives for rock blasting, cement

and concrete for the dams, the analysis of the water, and the

determination of the kind of fertilizers needed on lands reclaimed.

The Bureau of Soils of the Department of Agriculture has been

investigating the availability of mine runnings, and various waste

waters, for irrigation.

GROWTH OF GAS-PRODUCER POWER PLANTS.
REPORT BY THE UNITED STATES GEOLOGICAL SURVEY.

More than 500 gas-producer power plants, ranging in size from 15 to

6000 horsepower, are now in operation in the United States. About 88
per cent, of these plants are running on anthracite coal, a few on anthracite
or coke, and the remainder on bituminous coal and lignite. In a bulletin

on the recent development of the gas-producer power plant in the United
States (Bulletin 416), just issued by the United States Geological Survey,
R. H. Fernald, consulting engineer, states that the internal-combustion en-
gine has already become a serious rival of the steam-engine in many of
its applications, and that the development of the large gas engine within
the last few years has been extremely rapid. Only nine years ago a 600-
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horsepower engine exhibited at the Paris Exposition was regarded as a
wonder, but to-day four-cycle, twin-tandem, double-acting engines of 200c
to 3500 horsepower can be found in nearly all well-equipped steel plants,
and some plants in this country contain several units rated at 5400 horse-
power each.

KAPIU DEVELOPMENT OF THE GAS ENGINE.

This rapid advancement of the large gas engine was made possible by
improvements in the production of cheap gas directly from fuel by means
of the gas producer. A few scattered gas-producer plants were installed
for power production in the United States before 1900, but the application
of engines of this type to the production of power in any general sense has'
been developed since that date. During the first few years of this period
of development anthracite coal, coke, and charcoal were used almost ex-
clusively. It remained for the United States Geological Survey, in its testing
plants at St. Louis and Norfolk, to demonstrate the possibility of using
in such plants practically all grades of fuel of any commercial value, without
reference to the amount of sulphur or tarry matter they contain.

TESTS MADE BY THE GEOLOGICAL SURVEY.

The tests made by the Survey, 168 in all, included 138 on bituminous
coals, 9 on subbituminous coals, 10 on lignite, and 11 on miscellaneous fuel.

The average consumption of fuel for a brake-horsepower hour was 1.36
pounds of bituminous coal, or 1.99 pounds of lignitic coal, the minimum
consumption being 0.84 pound and 1.48 pounds, respectively. Comparative
tests of 75 bituminous coals under a water-tube boiler and in the gas
producer showed that the average fuel consumption per brake horsepower
in the steam plant was 2.7 times that in the producer plant. Several low-
grade coals and lignites that were of little value, or even worthless under
the steam boiler gave excellent results in the producer. Other low-grade
fuels—such as roof slabs, culm, and washcry refuse, and even a bone coal
that contained 44 per cent, of ash—have been used to advantage in the
producer under proper commercial conditions.

PRESENT ST.ATUS OF GAS-PRODUCER PLANTS.

Professor Fernald solicited the views of the principal manufactures of
gas producers on the present status of the gas producer as a source of
power, with particular reference to the special conditions that oppose or
make for its introduction. In addition, he or his assistant, C. D. Smith,
personally visited 69 different plants that furnish power for a great variety
of purposes, to determine the economy and reliability of the plants under
average conditions. After this inspection Professor Fernald decided:

1. That the plants as a whole are giving remarkable satisfaction in view
of the brief period of development.

2. That the most serious difficulty seems to arise from the lack of
competent operators to run the plants, though there are many more com-
petent operators to-day than three years ago.

3. That the situation regarding misrepresentations and misunderstandings
resulting from incompetent salesmen has with the stronger companies greatly
improved.

4. That the situation regarding trouble due to manufacturers neglecting
plants that have been installed and paid for has changed decidedly for the

better within the last few years.

The bulletin, which contains charts showing the growth of producer-
gas plants and the location of the plants now in operation, may be had
free of cost by applying to the Director, United States Geological Survey,
Washington, D. C.

Vol. CLXIX, No. 1013—22
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INCIDENTAL PROBLEMS IN GAS-PRODUCER TESTS.
REPORT BY THE GEOLOGICAL SURVEY.

As part of its investigation of methods for increasing the efficiency

of fuel resources, the United States Geological Survey is studying the

general problems involved in the economic use of fuels in gas producers.

Among many incidental problems of prime importance that have arisen

in the course of this study are those of determining, under practically

constant conditions, the duration of gas-producer tests necessary to reduce
the possible error to a minimum and of determining the differences of

temperature in the fuel bed of the gas producer and the influence of such
differences on the chemical reactions taking place within the producer.

In attempts to improve the gas producer considerable attention has been
given by manufacturers to such problems as those of fixing or isolating

the combustible components of the tar, utilizing the waste heat of the

producer for the generation of the steam required by the plant, and applying
the suction principle to bituminous coal and other tarry fuels. Little study,

apparently, has been given to the physical and chemical conditions most
suitable to the formation of hydrogen and of carbon monoxide, with a view
to regulating the percentages of these gases in generators using fuels other
than anthracite coal or charcoal.

Reports on the two problems first stated above are given in Survey
Bulletin 393, which can be obtained free of charge by applying to the

Director of the Survey at Washington.
The bulletin consists of two papers, one, by R. H. Fernald and C. D.

Smith, on the factors affecting the proper length of tests, the other, by J. K.
Clement and H. A. Grine, on temperature differences in the fuel bed.

Messrs. Fernald and Smith, summarizing the results of their experiments,
state^

—

" That throughout a test the fuel bed should be maintained in uniform
condition, with regard to both the character of the fire and the thickness

of the bed.
" That failing in this, special care should be exercised to see that the

fuel bed is in the same condition and of the same thickness at the close

of a complete test, or end of a test period, as at the beginning.
" That a test should never be started when the producer has been

standing idle for some time with ' banked fires,' as the fuel bed will not

be in the average condition under which it will be required to work during
the test.

" That if, as the appointed hour for closing the test approaches, the

fuel bed is not in the proper condition, the time of closing the test should
be postponed until the bed naturally assumes the proper thickness and
character. No forcing of conditions should be allowed simply to bring
the test to an end at a previously determined hour."

Messrs. Clement and Grine report that-^
" Temperature observations were made and gas samples taken in differ-

ent parts of the fuel bed of the gas producers. The temperature was
found to be highest at the bottom of the fuel bed and to decrease from
this point to the top of the bed.

" The temperature of the inner region of the fuel bed was found to

be 300° or 400° lower than that of the outer layers. A corresponding
inferiority in the quality of the gas in the center of the producer could
not be established ; probably on account of the defective method of sampling.

" It has been suggested that by an improvement in the method of

admitting the draft to the fuel bed a more imiform distribution of tem-
perature, and consequently a gain in the capacity of the producer and in

the quality of the gas, might be obtained.
" Reference has been made to recent experiments by one of the authors

which have establislicd i
'>° C. as the lower limit of temperature for tlic

formation of a gas rich "O."
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A NEW PYROMETER.

BY ,

CHARLES E. FOSTER.

[The Radiation Pyrometer has great advantages over other types when
the temperature to be measured is very high. The " total radiation " in.stru-

ment is preferable to the purely optical pyrometer for industrial work.
Instruments hitherto made, belonging to the " total radiation " class, have
needed accurate focusing . in use or have been relatively inefficient. The
new type described herein does not require focusing in use but still is

efficient enough to be robust and rapid in action. The practical effect of

the situation and surface of the hot body upon reading is discussed, and
methods are indicated by which accuracy maj' be obtained.]

As a broad propo.sition it is hardly necessary to insist upon

the need for pyrometers in the control of heating" processes.

Since prehistoric times, heat has been applied to produce change

or destruction in materials under manufacture. This tendency

of heat to produce change is a source of trouble when the design

of a pyrometer is considered. The heat must change the nature

of some part of the material manufactured, but in order to be

continually reliable the pyrometer must not be subject to change

as the result of the heat. Those pyrometers in which a part of

the instrument is raised to the actual temperature to be measured

must therefore have \-er}- definite upper temperature limits, and

their life will l)e very short when used at high temperatiu'es.

These considerations ha\e called into existence a class of

instruments broadly k!iown as radiation i)yrometers. A radia-

tion pyrometer can be used at the hiiihest temperatures attain-

able because no part of it is subjected to the actual temperature

measured; it works entirely at a distance.

Radiation instruments may be divided into two main classes:

first, those in which the measurement is made by means of the

luminous radiation (these are called cubical pyrometers), and
:j at 39t
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secondly, those in which the whole of the heat radiation is used,

these being known for distinction as total radiation instruments.

It is the latter class only which will be considered here.

For general information on the subject of radiation pyrome-

try, I cannot do better than refer to the translation, by G. K.

Burgess, of Le Chatelier's book, " High Temperature Measure-

ments." * In this book also will be found much information on

the early history of radiation pyrometry. There are, however.

Fig. I.

A

B

->

> -

two applications of radiation methods which, I believe, are not

there mentioned, but which are of some structural interest.

Melloni, in his apparatus for study of the laws of radiant

energy, used a conical reflector to concentrate the heat rays

emanating from the hot body, and near the apex of the conical

reflector, a thermopile as the sensitive body. Fig. i shows such

an arrangement diagrammatically.

The line AB represents the surface of the hot body. EFGH
is the conical reflector and D the sensitive surface of the thermo-

pile. It will be seen that the use of a conical reflector involves

the possibility of multiple reflections. A heat ray such as i

* High Temperature Measurements, by H. E. Le Chatelier and O. Bou-
douard, translated by G. K. Burgess.
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reaches the thermopile after a single reflection, while one such

as 2 suffers double reflection. In the case of 3 the ray never

reaches the apex at all.

From this it is evident that a conical reflector may be a very

inefficient heat concentrator. At each reflection the ray loses a

fraction of its energy due to absorption and dispersion. Some
of the heat absorl^ed by the reflector is conducted towards the

apex of the cone and it is there radiated directly on to the thermo-

pile. This heat conduction will take time and- consequently,

though it will add slightly to the total efficiency of the reflector,

it has the great practical disadvantage of making the thermopile

slow to reach a maximum and slow also to cool down again.

A second historical item is due to H. L. Callendar. In this

case there is no heat concentration. Tlie sensitive device is a

pair of grids of platinum wire. These are enclosed in a glass

vessel from which the air is partly exhausted. One grid is

blackened while the other is left bright. When radiant heat

falls on such a device the blackened ^rid will absorb more heat

and will get hotter than the bright grid. The dift'erence of tem-

perature will be accompanied by a corresponding difference in

electrical resistance which may be measured with a Wheatstone
Bridge. This device, which is similar in principle to the Langlev
Bolometer, has been applied to the measurement of solar radia-

tion. H. L. Callendar described its use on a furnace in his

U. S. Patent of 1898.

The history of the radiation pyrometer is brought down to

about 1904 by G. K. Burgess and includes tlie description of

C. Fery's pyrometer. This instrument is well known in metal-

lurgical work, and need not therefore l)e fully described here.

It is sufficient to say that it is a reflecting telescope with a thermo-
couple junction at the focus. In order to render this instrument

available at diff'erent distances it has an eyepiece and a pair of

subsidiary mirrors to iruide the user in focusing it.

Undoubtedly tlie Fery Pyrometer was the first practical total

radiation instrument. The heat concentrator is a concave mirror,

gilded on the face. It is very efficient for the fallowing reasons:

1. Each heat ray suft'ers only a single reflection.

2. Glass allows high poli^i of surface.

3. The gilding gives the highest reflecting power, particu-

larly for the invisible heat waves.

4. The focus is definite, givino- a high degree of concentration.
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For these reasons the Fery Pyrometer can be used where the

hot body is small or the working distance great. The necessity

for the eyepiece and focusing mirrors adds, of course, to the cost

in manufacture and calibration.

In 1907 C. B. Tlnving designed a radiation pyrometer having

a long cylindrical casing with an opening at the end presented

to the hot body. At the other end was a conical reflector and

thermopile similar to that used by Melloni. This design obviated

the necessity for focusing since a conical reflector of this kind

has no definite focus. It has, unfortunately, the disadvantage

of low efiiciency and sluggishness, probablv due to the multiple

reflection mentioned previously.

It is here worth remarking that the indications of such

pyrometers as Fery's or Thwing's are read on a millivoltmeter

which measures the electromotive force set up in the thermo-

couple or thermopile. This being so, the lower the efficienc}' of

the receiving part the more sensitive must be the millivoltmeter.

Sensitiveness in a millivoltmeter is generally accompanied by

delicacy and high cost, therefore high efficiency in the receiving

portion is very much to be desired.

About the same time, 1907, C. Fery introduced a modifica-

tion of his pyrometer. The thermocouple junction was replaced

bv a verv small bimetallic spiral as the sensitive body at the

focus of the concave mirror. This spiral was made of two

metals of different coeflicients of expansion so that, when heated

by the focused radiation, it uncurled. .V very light pointer

attached to the spiral rendered the uncurling visible on a scale

calibrated in temperature.

The gilded concave mirror is a desirable point 1)ecause of

its high efficiency, while the focusing mechanism is at times a

disadvantage, particularly when the instrument has to 1>e put

into unskilled hands. To take advantage of the first property

and avoid the second I designed the arrangement shown in

Fig. 2.

The casing has at one end an a])erture EF. At the opposite

end is a gilded concave mirror C. One of a pair of conjugate

foci of the mirror is at the aperture RF while the other is on

the sensitive device D. ^Fherefore there will be thrown on D
a focused image of the aperture I^F . Since the relative |X)si-

tions of these three essential i)arts are fixed, there is no focusing
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needed in use. For this reason it has been called the " Fixed

Focus Pyrometer." The only condition that must be satisfied

is that the aperture, as seen from every jwint of the mirror

surface, must be filled by the hot body under test. This condi-

tion is satisfied if the hot body coincides with or overlaps any

section of the cone GAB or any extension thereof. In the

instrument on the table the position of the apex G is marked

by the centre rin^e^. The directions for use are, then, that the

distance from the hot body to the centre ring must not exceed

a certain constant nmlti])le of the smallest dimension of the hot

body. In the case here the multiple is ten, that is to say, with

a hot body whose diameter or other smallest dimension is 6

inches, the working distance, as measured from its surface to

Fig. 2.

the centre ring, must not be more than 6o inches. Any smaller

working distance will not alter the reading, provided the lx)dy

is uniformly heated. The only result of bringing the hot body

AB closer would be that its outer edges would be out of the

measurement, consequently the user is not called upon for accu-

rate judgment or measurement of distance.

For work on extremely high temperature? the proiK>rtions

of the cone GAB can be altered so as to allow working at greater

distances.

In the example here shown the sensitive device is a very

small thermocouple. The heating of the junction where the

two elements are joined together by the focused radiation gen-

erates an electromotive force, anil this, or rather the resulting

current, is read on a suitably calibrated milliameter. The cali-

bration is made direct reading in temperature.
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It is interesting to note that without involving inconvenient

dimensions the electromotive force developed at 2400° F. exceeds

that which would be given by a Le Chatelier thermocouple

inserted directly into a furnace at that temperature. Since the

thermocouple in the receiving tube is of low and constant resist-

ance the rest of the circuit may also be of low resistance. This

allows the use of an indicating instrument of very robust con-

struction. Another advantage of this type of instrument is that

the mirror in the receiving tube is well protected from dust and
fumes because it is situated at the bottom of a long closed tube.

As indicating the order of accuracy to be expected, a cer-

tificate issued by the Bureau of Standards, Washington, may
be quoted. The instrument tested was one of the first of this

type made and no unusual care was taken in its calibration.

The results were given to an accuracy of the nearest 20° F. and

at only two points at the top of the scale were there any cor-

rections greater than this limit of test accuracy. In all cases

the corrections were less than 2 per cent, of the temperature

reading.

For the general theory of radiation pyrometry, I will refer

again to Le Chatelier's book and need not dwell on it here. It

may be of interest, however, to consider the subject of what is

known as " black body " correction. The meaning of the term
" black body " is one devoid of reflecting power. Kirschoff in

his study of radiation laws conceived such a body. The nearest

experimental realization is the inside of a uniformly heated space

as viewed through a comparatively small opening. An alterna-

tive realization of the "' black body " would be one out in the

open whose surface is quite without reflecting power. An ordi-

nary furnace viewed through a small door or peep-hole will

give a very close realization of Kirschoff's '' black body." Again,

many substances met with in practical manufacturing give fairly

close approach to the same conditions.

The bearing of these theoretical considerations on the prac-

tical application of a radiation pyrometer is as follows. If the

hot body is out in the open and its surface has appreciable

reflecting power the radiant energy it gives out will be less than

that of a theoretical " black body." The higher the reflecting

power the greater will be the difference in reading on a radiation

pyrometer.
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At first glance this consideration appears to put serious limi-

tations on the use of radiation methods. Happily this is not so

in practice.

In the first place, no matter how large the departure from

the true black body, the energy emitted by the hot body will bear

a definite relation to the true temperature when the conditions

Fir.. 3.

Corrections, in de^frees , to be added to

"black body' temperature of 1000

X

Surface -^

^zzzz^

Crucible Clay 38 10

Iron Oxide 51 13

Platinum 84 2!

are constant. Therefore, the readings of the pyrometer will

be consistent and serve quite well to define the temperature. It

is consequently evident that the indicating instrument can be

specially calibrated to read true temperatures for any defined

conditions of use, and this is very often done successfully in

practice.

In the second place, as stated previously, the interior of a

furnace that is fairly uniformly heated will realize the " black

bodv " very closely. Since so many manufacturing processes

call for the measurement of the temperature inside furnaces, the

ordinary calibration for a radiation pyrometer is made on the

assumption that it is to be used on a " black body." It is here

important to remark that tlie optical pyrometer is in the same

case with tlie total radiation instrument in this connection.

With a view to showing the order of magnitude of the black

bodv correction under different conditions, and with different
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substances, I have made a few calculations. I do not claim

very high accuracy for the numerical corrections employed but

I believe them, at any rate, to be close enough for practical

purposes.

I have taken three substances, crucible clay, iron oxide and

polished platinum. I have then assumed each to be exposed,

first out in the open, next in a shallow uniformly heated recess,

of which the depth was half the diameter, and lastly in a deeper

recess, also uniformly heated, whose depth was one and a half

times its diameter.

The formula used in the calculations has shown itself to be

at least approximately true.

T] is the true temperature of a hot body when its black body

reading is f^. To is the required true temperature for a black

body reading to. A is the angle in degrees subtended by the

opening in the recess from any point on the surface of the

radiating body.

The temperatures in the formula should be absolute .tempera-

tures and the difference between T-^ and To should not be very

large. However, the result of applying the formula to 1000° C,
using the correction derived from 700° C, does not introduce a

serious error.

The results have been worked out to the nearest whole degree,

and are shown in Fig. 3. It will be seen that placing the body in

even a shallow recess reduces the correction very largely, while

in a deep recess the correction becomes practically negligible. A
furnace, even with the door wide open, gives conditions as good
as those in the third case.

Fig. 3 shows that crucible clay gives a better approach to

black body than iron oxide, a result that is, at first sight, sur-

prising. I believe a possible explanation may be found in the

second condition assumed in the table. If the surface of the

clay is examined under the microscope it will be found to have

a more or less granular structure. Though each crystal is

highly reflecting, the surface as a whole will consist of an aggre-

gation of recesses, having roughly the proportions of the second

case, and would therefore collectively act as a fairly good black

body.



SECTION OF
PHOTOGRAPHY AND MICROSCOPY

MODERN PHOTOGRAPHIC DEVELOPMENTS.

JOHN BARTLETT,
Kdilor of Hulleliii of Hhotograpliy.

Introductory Audrkss to the Symposium ox Modkrx Photographic De-
velopers, Demveked at Stated Meetinc; Held Thursday,

February 24, 1910.

It sounds like a photographic truism to say.
—

" the perfect negative is

the outcome of proper adaptation of developer to the character of the
exposure." True, if the time has been correctly estimated and the developer
tempered thereto, anyone may work out a plate's salvation without fear
or trembling, but when the personal equation of under- or over-exposure
is taken into consideration, the evolution of the perfect becomes really a
fine art and then fore-knowledge and experience are demanded if one looks
for softness, without smear, high-lights distinct and well defined without
harshness, and shadows rich and full of detail, going by imperceptible
gradations into the lights.

How shall all this be accomplished? How this fine adjustment acquired?
I suppose it is the desire to understand what perfect development means,
which has stimulated this Symposium on development by the members of
this Section.

Without going into detail as to the chemical nature of development
of the latent image, which would be out of place in a mere introduction
to the subject, and more effectively considered by a concensus of opinion.
I would like to say that I have often thought we do not fully appreciate
the resources we have in our phalanx of modern developers. Our pyro,
our metol. amidol, hydroquinone. ikonogen, etc. We know a good deal
about their action, but do not always take advantage of their specific value.

Pyro, which seems to have taken something of a back seat. I have
found still a mo.st faithful ally in many difficult cases, especially for obtain-
ing plucky, vigorous negatives, or where a very dilute developer is requisite.

Pyro. unlike most of the other agents of development still works
energetically when the minimum quantity is in solution, and seems capable
of accomplishing the same results as when concentrated. The difference

heing onlv a question of time. Tt is for this very reason that it is most
valuable in the so-called tank-development. But there arc cases where
the other agents have decided advantage over pvro and it would be unwise
to cling to it and seek compensation for its sbortooniings by modification
of the other constituents of the developing solution.

Suppose we wish to develop an exposure in which' we have certain

colors which unequally affect the sensitive film such as blue and yellow
and red in conjunction. That is we want to eaualize as much as possible

the imperfect action of the light as far as color rendition is concerned.
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It certainly would be unwise in such a case to employ a strong acting
developer but more judicious to look for such an agent or combination
of agents as would have a tendency to give more harmonious relations.
Glycin and metol are mild, yet penetrating, but the trouble is most of us
are apt to discard anything that is not of the seven-leagued-boot variety
so that we get over the ground in a trice.

The advantage of glycin over pyro, with short exposures, is that it

gives less dense high-lights and richer shadows, that its action being slower
it equalizes better the distribution of light and shade.

We have a means of increasing the contrast in a glycin developer by
judicious application of a second developer such as hydroquinone. The
practice of employing mixed developers is excellent but little indulged
in, yet it enables one to better control final results. It is foohsh to adopt
a certain constituted developer and make it applicable to all sorts and
conditions of things, however great the endorsements.

Some combinations, it is true, have a rather wide field of application

but it is safest to study the character of your illumination and to adjust

the special developer to it. Recently I encountered a batch of plates which
would work flat do what I would with them and were also liable to fog with
prolonged development. Here, strange to say, nothing worked so well as

the antiquated ferrous oxalate. It gave clean, rather brilliant results, mar-
vellous when compared with those I had evolved with the more recent

reagents. So you see we cannot even afford to relegate this old fossil as-

yet to the limbo of" desuetude.
Development I might say is really a fine art. There are so many-

factors involved in the problem both before the plate is submitted to the

developer as well as during the process of evolution of the image that one
hardly has a right to lay down certain fixed rules for the accomplishment.

One of these factors is temperature, but we will go no further here
into the subject as this suffices by way of introduction.

A PRIMER ON EXPLOSIVES.
co.\L miner's manual issued by the geological survey.

In continuance of its efforts to reduce the nimibcr of fatal accidents in

American coal mines, the United States Geological Survey has just issued

a primer for the benefit of miners and others who have anything to do with
explosives.

dangerous explosives.

The improper use of explosives in coal mines is doubtless the cause of
many deaths that are attributed to other agencies. Vigorous objection is

made to the use of black powder in any mine where there is danger of a

gas or coal-dust explosion. The operators and miners in such mines are

urged to use explosives that have been tested at the Survey's mine accidents

station at Pittsburg, Pa., and placed on the " permissible " list

increasing use of explosives.

The use of explosives is increasing both in quantity and in the variety

of purposes to which they are applied. They are now made at 150 plants

in diflferent parts of the country, and the product of a single year is now
nearly 500,000,000 pounds. Of all this material no explosive is safe in

the hands of a careless or ignorant person, whether it is used in mining

or otherwise. Statistics recently compiled by the Railway Bureau for the

Safe Transportation of Explosives show that more than 400 persons have been

killed or injured and over $3,000,000 worth of property destroyed by ex-

plosives in transit by rail. The fact that three years of co-operative effort

under the supervision of this bureau have reduced these losses to almost

nothing should encourage the hope that similar co-operative effort may
likewise greatly reduce losses of life and property from the use of explosives

in mining.



FRANKLIN INSTITUTE

(^Proceedings of the Stated Meeting, held Wednesday, April 20. i<^io.)

Hall of the Franklin iNSTiTUXt,
Philadelphia, April 20, 1910.

Mr. Louis E. Lkvv, Temporary Chairman.

Additions to membership, 19.

Dr. J. A. Holmes, Chief of the Technologic Branch of the United .States

Geological Survey, addressed the Meeting on the subject of "The Waste
of Life and Resources in the Mining Industry."

The speaker described briefly the rapid growth of mining in the United
States as a fundamental part or basis of the varied industries and commerce
of the country. He called attention to important facts illustrating the waste
of resources in connection with our methods of mining and use of important

mineral resources ; and discussed the loss of life resulting from the increase

of mine accidents in all parts of the country, and the mining conditions

which tend to increase both the loss of life and the loss of resources.

The subject was illustrated by numerous lantern slides and specimens

of mine appliances.

At the close of the address a brief discussion ensued in which Dr.

Goldsmith, Dr. Chance, the Speaker and Chairman took part.

On motion, duly seconded, a vote of thanks was tendered Dr. Holme?
for his interesting remarks and the paper was referred to the Committee
on Publications. Adjourned. R. B. Owens.

Secretary.

ELECTIONS TO MEMBERSHIP.
At the stated meeting of the Board of Managers held Wednesday.

April 13, 1910, the following gentlemen were elected to membership

:

Life Members.—Mr. Charles Day, 608 Chestnut St., Phila. ; Mr. Kern
Dodge, 608 Chestnut St., Phila.

Resident Members.—Mr. W. Bruce Barrow, real estate broker, 130

North Twelfth St., Phila.; Mr. J. Clifford Brooks, electrical engineer, Phila-

delphia Electric Companj', Tenth and Chestnut Sts., Phila. ; Mr. Ralph

K. Burgess. Jr., 55 North Second St., Phila. ; Mr. Harold Calvert, Phila-

delphia Electric Company, Tenth and Chestnut Sts., Phila. ; Mr. Howard
T. Deshong, Philadelphia Electric Company. Tenth and Chestnut Sts.,

Phila. ; Mr. George Ross Green. Philadelphia Electric Company, Tenth
and Chestnut Sts., Phila. : Mr. .\rthur B. Huey, Esq., lawyer. Commonwealth
Trust Building, Phila. : Mr. Horace P. Liversidge, Philadelphia Electric

Company. Tenth and Chestnut Sts., Phila.: Mr. William F. Lloyd, Phila-

delphia Electric Company, Tenth and Chestnut Sts., Phila.: Mr. Joseph
B. McCall, President Philadelphia Electric Company. Tenth and Chestnut

Sts., Phila. : Mr. E. F. ISLason, Inspector :Motive Department P. R. R.,

Broad Street Station, Phila. : Mr. William G. Rogers. Philadelphia Electric

Company, Twenty-eighth and Christian Sts.. Phila.; Mr. Louis C. Smith.

Philadelphia Electric Company, 122 .^rch St., Phila.: Mr. J. W. Sylvester,

Philadelphia Electric Company. Tenth and Chestnut Sts., Phila.; Mr.
Wilson Woelpper. banker, iiQ South Fourth St., Phila.

Non-resident Members.—!Mr. Guy E. Norwood, industrial engineer.

Diamond Rubber Co., Arkon, Ohio.

.Issociate Members.—Mr. John K. Class, draftsman, 330 Benson St..

Camden. N. J.
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COMMITTEE ON SCIENCE CS, THE ARTS

{Proceedings of the Stated Meeting, held JVednesday, April 6, 1910. >

Hall of the Franklin Institute,
Philadelphia, April 6, 1910.

Mr. Thomas Spencer in the Chair.

The following report was presented for final action

:

(No. 2459) Automatic Telephony, Automatic Electric Company, Chicago.

(Adopted, Elliott Cresson Award.)
The following reports were presented for first reading

:

(No. 2462) Shaft Couplings, Shaft and Hub Connections, E. A. Blanton, Jr.

(No. 2487) Bakelite, Dr. Leo H. Baekeland.

THE ANALYSIS OF ROCKS.

report by the geological survey.

The chemical work of the United States Geological Survey has long

commanded the general attention of workers in inorganic chemistry at home
and abroad, and many of the reports of the Survey's chemists have become
reference works in colleges and universities. One of the Survey's chemical

bulletins (Bulletin 305), on the analysis of silicate and carbonate rocks, by

W. F. Hillebrand, has been translated and republished in Germany, and the

home and foreign demand for it has completely exhausted the edition printed.

A new and revised edition of this manual, numbered Bulletin 422, has

therefore just been published by the Survey. Dr. Hillebrand, the author,

was for 28 years one of the Survey's chemists and is now chief chemist of

the Bureau of Standards of the Department of Commerce and Labor.

covers the earth.

The two classes of rocks considered form the bulk of the earth's crust,

and although the bulletin was not prepared primarily for economic purposes

the methods and principles described may be applied directly to economic

work. The rocks of these two classes contain many valuable metals and

minerals.
thorough work dem.\nded.

The importance of complete and thorough analysis is especially em])ha-

sized ; and in this connection it may be noted that the Geological Survey's •

analytical work is distinguished for its thoroughness. The geologist's de-

mands on the chemist have become more exacting as he has learned to

realize the need of more thorough work, and the geologic chemist has not

only kept pace with the demand but has himself indicated to the petrographer

the importance of better analyses. The standard of accuracy has been thus

raised and maintained.
The bulletin contains 239 pages and is illustrated by 27 cuts showmg

forms of apparatus. It may be obtained without charge by applying to the

Director of the Survey at Washington.

402



ANNUAL REPORT OF THE SCHOOLS FOR THE
SESSIONS OF 1909-10.

The results obtained in the schools this season have been excellent, due
to the ability and efficiency of the staff of instructors and to their harmonious
working to maintain a logical sequence and cumulative effect. This is diffi-

cult in a night school, where applicants of very different abilities and experi-
ences are received at any time, but it has been accomplished with a remark-
able degree of success, and we believe that a much larger proportion of the
total number of students receive valuable benefit here than in most institu-

tions of the kind.
The course in Geometric, Isometric and Machine Drawing, Mathematics,

Strength of Materials, and Machine Design is very complete and requires
time and considerable hard work, but serious students, who really mean to
profit by this opportunity for an engineering education, should take all the
branches in the order named.

The course in Architectural Drawing is of great use to those connected
with the building trades and is thoroughly practical and complete in itself.

The course in Free-Hand Drawing is intended for decorators, illustrators,

designers, and art beginners, and is complete in itself.

The course in Naval Architecture, although highly specialized, should
be well patronized in this centre of ship-building, but before entering it

applicants should take the same course in mathematics which is preliminary
to machine design, unless they are already pretty well versed in it.

The real merit of this school should be better known and understood,
for it stands upon this alone, and receives very little benefit from advertising,
exploitation, or publicity agencies of any kind.

William H. Thorn'e, Director.

School of Mechanical Drawing.

The Following Students have Deserved Honorable Mention;

In the Senior Mechanical Class,

William Meinel, Ernest Lindgren, Walter L. Bower,
Clarence H. Smythe, William S. Bardsley, Joseph Kampman.
Ernest Baumer, Gustav Heinecke,

In the Intermediate Alechanical Class.

John Dawson, Watkins F. Mintzer, Harrv Haman.
Howell J. Floyd, John Foley.
William H. Armstrong, Julius Metzer,

In the Junior Mechanical Clas'i.

Malcolm V. D. Remington, William Steel.

The Following Students are Awarded Scholarships from the B. H.
Bartol Fund, entitling them to tickets for the Next Term:

William S. Bardsley, Malcolm V. D. Remington, Charles W. Weber.
Walter L. Bower, Ara S. Pennewell. C. Nelson Rocholl.
Howell J. Floyd, William Steel.
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The Following Students, Having Completed a Full Course with
Satisfactory Results, are Awarded Certificates:

Mechanical Drawing, Architectural and Free-Hand Drawing
William Meinel, Ara S. Pennewell,
Clarence H. Smythe, C. Nelson Rocholl,
Ernest Baumer, .

Howard G. Tomlinson,
Gustav Heinecke, Edward E. Ellis,

Joseph Kampman, Arnold MuUer,
Thomas J. Devine, John E. Sharp,
John Henry Gross, Stanley K. Weber,

Charles W. Weber,
George S. Keichline.

School of Architectural and Free-Hand Drawing.

The work this year has been of great service to the students. Nearly
all in the Architectural class have been actually at work in various branches
of building construction and their progress in the theoretical, artistic, and
technical features has been excellent. The advance and improvement of

those in the Free-Hand class have likewise been very flattering, as specially

shown by the designs for gas-fixtures made by one of them.
Clement Remington, Principal.

The Following Students ha-^^e Deserved Honorable Mention:

In the Architectural Class,

Ara S. Pennewell, Arnold MuUer, John E. Sharp,
C. Nelson Rocholl, Edward E. Ellis, Stanley K. Weber,
G. Howard Tomlinson, Samuel L. Amey, •

In the Free-Hand Class,

Charles W. Weber, Karl W. Stadon.

School of Mathematics and Machine Design.

During this session the aim has been to devote particular attention to
those topics which present the greatest difficulty, depending upon the stu-

dent's unaided effort to master the more elementary features and, thus,

effect not only economy of time in covering a given field but also increase

the value of the instruction by this incidental introduction of the "self-

help" feature.

The regularity of attendance and the enthusiasm displayed are gratify-

ing features of this year's classes. This is due to the very efficient coopera-
tion of Mr. John Loman who conducts the class in algebra and of Mr. H. E.

Hutchins who has charge of the class in trigonometry. To both these
gentlemen my best thanks are due for their unsparing efifort in improving the
efficiency of the course.

LuciEN E. Picolet, Principal.

The Following Students, Having Completed the Requirements of a
Full Course, are Awarded Certificates:

Lautaro V. Dale, H. A. Kaupp,
Charles Hubsch, Gerald J. Oldroyd,

Edward C. Pladder.
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School of Naval Architecture.

The session just closed has been productive of very encouraging results.

The number of students has exceeded the average of recent years. There
would have been a still further increase if it had not been considered advis-

able to reject several prospective students because of inadequate preliminary
training. Past experience has shown that students, deficient in the elemen-
tary principles of mathematics, should not undertake the study of naval
architecture.

Contrary to the usual experience in evening classes, the regularity in

attendance has been very satisfactory. This is indicative of the sincere

efforts which the majority of the students are making.
The Institute is again indebted to the generosity of Mr. Clement A.

Griscom for an excellent set of drawing instruments, which in accordance
with the usual custom will be awarded as a prize for scholarship and regular

attendance. Mr. Griscom has on many former occasions manifested his

interest in the work of the Institute, in elevating the standard of shipyard
employees by preparing them to perform their duties more effectively.

There will be no graduates this year. It so happened that all the stu-

dents, taking this course last year, completed the prescribed amount of work
and were graduated. Several of these enrolled again last September to

take up post-graduate work.
M. H. Keil, Principal.

FOREST RESOURCES OF SOUTH AMERICA.

The forests of South Amer-ca are principally tropical, but in tiie Andes
Mountains and the southern end of the continent are found forests of a

^emperate and sub-arctic character resembling somewhat those of the United
States and Canada

The tropical forests are totally different from our north woods. There
are no solid stands of single species or even of a few mixed species. In-

stead, hundreds of kinds of trees grow thoroughly mixed and scattered

through the whole forest. This is one of several reasons that makes logging

in tropical forests so expensive and often unprofitable.

Rubber hunters have explored nearly the whole tropical forest in

search of that necessary article of commerce, but aside from that South
American forests have only been cut into for a few miles back from the

coast and the principal ports and drivers. Even in this area only the species

at present most valuable for commerce have been thus far cut, for example,

cedar, mahogany, rosewood, lignum-vita^, fustic, and ironwood. Railroad.^,

where they exist, charge such exorbitant freight rates that they have not

much encouraged exploitation of the forests. In addition to this, the

sparsity of population and lack of labor have also retarded development of

the forests.

ATost of the woods growing in these tropical forests are very heavy,

hard, and rich in color. Greenheart is so hard that it nicks the axes of the

choppers and will last for over one hundred years in water. It should be

noted here that the style of axe used in the tropics is quite different from
our common north woods axe and has a very narrow bit. The .\merican

broad-bitted axes would be very ineffective on such hard woods.

Growth is so luxuriant and rapid that ruins or abandoned farms are

l>romptly covered with a dense young growth of trees and vines that in a

few years obscures the marks of civilization. The great forest of the

Amazon basin is eleven hundred miles long east and west by seven hundred

and fifty miles north and south. It covers nearly a million square miles

in Brazil. Rut as it lacks construction timbers it cannot be looked to for

relief from the approaching scarcity in that kind of wood.

Lumber is not so extensively used in construction of homes as with us.

Brick, stone, mud. and tiles are extensively used. aI<o bamboo, palm, etc.
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SECTIONS

Electrical Section.—A meeting of the Section was held on Thursday-
evening, March 31, at eight o'clock. Mr. Thomas Spencer in the Chair.

Forty-three members and visitors present.

After the reading of the minutes of the previous meeting the Chairman
introduced Mr. John Meyer, Commercial Engineer, Philadelphia Electric

Company, who presented a communication on the " Electric Vehicle." The
speaker confined his remarks to pleasure carriages and illustrated the

subject with numerous lantern slides.

The thanks of the meeting were extended to the speaker for his inter-

esting paper.

During the discussion which followed Mr. Harry G. Morris described

an electric vehicle which he and Mr. Pedro G. Salom built in 1894. He
exhibited photographs of trophies and other material relating to this car

and detailed some of his experiences in the races held at that time.

Mr. Meyer invited the audience to visit Wood's Garage at Twenty-first
and Market Streets after the meeting for the purpose of examining more
closely the various kinds of electric vehicles. Adjourned.

Alfred Rigling,
Acting Secretary.

Section of Pliysics and Clionistry.—The stated meeting of the Section

was held in the Hall of the Institute on Thursday, April 7, iQio, at 8 p.m.,

with Dr. E. Goldsmith in the Chair. Thirty-five members and visitors were
present. Dr. Robert H. Bradbury, of the Southern Manual Training High
School of Philadelphia, read a paper upon the " Chemistry of Colloidal

Matter " in which he described the chemical and physical properties of
colloidal solutions and discussed the distinctions between suspensions, col-

loidal solutions and true solutions. The lecture was illustrated by experiments.
Dr. Edgar T. Wherry, of Lehigh University, presented a communication

upon the " Colloidal Nature of the Complex Inorganic Acids." Substitution

of one oxide by an equivalent quantity of a similar oxide, e.g., phosphorus
pentoxide by arsenic pentoxide, changes the ratio of all the oxides to each
other. Moreover, certain of the tungsten complexes crystallize in the iso-

metric system, as is shown by measurement of the crystals, but have
orthorhombic structure, as is shown by their behavior toward polarized light.

Hence these compounds probably are absorption colloids in which the

physical molecule of tungsten trioxide is composed of its chemical molecules,
arranged in the isometric system (octohedron truncated by a cube). The
chemical molecules of the other oxides are arranged in the spaces between
the chemical molecules of the tungsten triocide, and thus produce a stress

in the physical molecule of the latter, and causes the orthorhombic structure

revealed by polarized light.

On motion of Dr. Williams a vote of thanks was extended to both
speakers. The meeting then adjourned.

Joseph S. Hepburn,
Secretary.

Section of Photography and Microscopy.—Regular meeting of the Section
was held in the Lecture Room of the Institute on Thursday, April 14, 1910,

at 8 P.M. Dr. Henry Lefifmann, President of the Section, in the Chair.

J. W. Ridpath. Secretary of the meeting. Eighty members and visitors were
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present. The mimites of the last meeting of the Section held February 24th

having been recorded, their reading was dispensed with.

Mr. J. W. Ridpath was introduced, and read a paper upon " Unusual
Trees," describing many trees of historic interest and others of unusual form
or size. Tlie paper was illustrated by about 50 lantern slides, showing many
curious growths, including several specimens of natural or wind grafting.

Dr. Henry Lcffmann exhibited fifteen photomicrographs of rock sections,

taken with polarized light, showing the beautiful, brilliant colors, as seen

with the polariscope.

Mr. Theodore Altenedcr exhibited a few slides of flowers taken by the

Lumiere process, showing the natural colors in beautiful gradations.

After some general discussion the meeting adjourned at 9.30 p.m.

J. W. Ridpath,
Secretary.

PURIFICATION OF FACTORY WASTES.
INVESTIGATION IN RHODE ISLAND.

Under an agreement between the United States Geological Survey and
the Rhode Island State Board of Health an investigation covering eleven

months was made in 1906 and 1907 to determine the effects of certain

industrial wastes on streams, their relation to health, their damage to natural

water resources, and the best methods of disposing of them, purifying them,
or recovering valuable materials contained in them. At the close of the

co-operative work the state board of health continued the purification

experiments for several months. A paper containing some of the results

of this investigation has just been published by the United States Geological

Survey as Water-Supply Paper 235.

Wool is impregnated with many impurities which must be removed
l)efore it can be used in the manufacture of textiles. The common methods
of cleansing it produce great quantities of foul liquors, which contain

valuable substances that can usually be recovered profitably, with coincident

purification of the liquors. The suds from scouring with soap^ alkali, and
water is the most common waste scouring liquor in the United States.

The authors discuss various methods of purifying this liquor and conclude
that the most profitable is one in which the essential features are con-

centration and then treatment in a centrifugal machine similar to the

ordinary cream separator. This process entirely disposes of the scouring
liquor, the products being distilled water, wool grease, crude potassium
carbonate, and earthy matter. The distilled water is useful for scouring
and the wool grease and potassium carbonate have a considerable market
value.

The waste waters from yarn bleaching can be purified by treatment

with sulphuric acid and filtration. The wastes produced in bleaching cotton

piece goods can be purified by sedimentation, precipitation, and septic treat-

ment, followed by bacterial filtration with either sprinkling or sand filters.

Dyehouse wastes can be satisfactorily purified by filtration through sand
or by precipitation with lime.

The industries of making oleomargarine, fertilizer, and glue are closely

allied, the raw materials being the wastes from slaughterhouses and markets.
The processes, however, vary greatly in dififerent plants. The authors
conducted experiments at a fertilizer plant where the waste water is a

putrescible, ill-smelling liquor containing an average of nearly fourteen
million bacteria per cubic centimeter. This liquor can he purified by sand
filtration at a cost of 5 to 29 cents per 1,000 gallons, according to the size

of the filter plant. Another method consists of evaporating and drying
the waste, the value of the recovered products—nitrogen, phosphoric acid,

and potash—being about equal to the cost of treatment.



BOOK NOTICES

The Quality of Surface Waters in the United States. Part I.—Analyses

of Waters East of the One Hundredth Meridian, by R. B. Dole. Con-

tains 123 pages, 8vo. Water Supply Paper No. 236, United States Geo-
logical Survey. Washington, Government Printing Office, 1909.

Waters taken from rivers and lakes in the United States have been

examined by chemists of the United States Geological Survey during the

last four years to determine their mineral content, and especially their fitness

for use by factories and for domestic purposes.

The volume contains the results of over 5000 mineral analyses of water

from the principal rivers of the United States east of the Rocky Mountains.

Daily samples of water from nearly 200 stations were collected for a year,

united in sets of ten consecutive samples from the same station, and the

composite subjected to analysis. The analyses giving, as they do, the average

composition of the waters, the fluctuations of composition from day to day,

and information regarding change of water level wherever available, form
the most complete collection of data regarding the quality of American
rivers that has ever been published.

This paper is the first of a number of reports on an exhaustive series of

analyses made by the Survey to determine the quality of the surface waters

of the United States. It gives the methods of analysis, the location of the

sampling stations, and the analytical results, the demand for the data having

been great enough to justify the publication of the analyses before their

detailed discussion. Another report soon to be issued will discuss the

analyses in relation to stream flow, climate, forestation, geologic environment,

pollution, and other factors. Still another report will consider the quality

of the waters in special reference to their availability for industrial use.

and a paper on chemical denudation in the United States will discuss aqueous
erosion in relation to geologic time.

The report may be obtained without cost by applying to the Director of

the Geological Survey at Washington.

Allen's Commercial Organic Analysis. Vol. I, Alcohols, Carbohydrates,

Yeast Esters, Aldehydes, Vegetable Acids. Edited by Henry Leffmann,

M.A., M.D., and W. A. Davis, B.Sc, A. C.G.I. Fourth Edition, entirely re-

written X + 576 pages, 9x6 inches. Cloth, price $5.00 net. P. Blakiston's

Son & Co., Phila., 1909.

The preparation of a new edition of this valuable treatise has been

conducted in accordance with the views of the late distinguished author,

consisting in allotting the revision to specialists, each entrusted with the

task of bringing a particular section up to date. With the present extended

development of organic chemistry, full justice to the subject can scarcely

be expected from the labors of a single author and the wisdom of the

collaboration plan is unquestionable. The contributors are both American

and foreign, giving the work an international character. The original

arrangement of subject matter remains substantially as before, only such

changes in the distribution of topics having been made as are of distinct

advantage. The work will consist of eight volumes which the publishers

announce will be issued as quicklv as is consistent with good work.
L. E. P.
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AlHABATICALLV CUAii'RESSEU AIR AS A SUBSTITUTE
FOR MECHANICAL TRANSAllSSION IN MOTOR VE-
HICLES.—The adiabatic compression and expansion of air is

compared with the isothermic, theoretically by diagram and by
well-known formula, in order to call attention to the considerable

advantage of the former method with regard to the work utilized.

In this application the maximum pressure is limited to 15 atmos-

pheres, the temperat»re of which is 363° C, and the compressed
air nearly reaches that temperature in the receiver. This application

is applied to a petroleum motor car to give the motor couple, on
transmission, the value of that of a steam engine, without em-
ploying the usual clutches and speed changing gear. The
petroleum motor acts through an epicycloidal train difTerentially

upon the transmission and an air compressor which progressively

brakes the exterior portion of the train. The air from the

compressor is utilized immediately in a motor and counter-

balances the couple of resistance of the apparatus. As the speed

increases the effect of the air diminishes until it becomes nil and
the car is propelled directly by the petroleum motor. (C. Hautier,

Comptes Rendus, 34. 149.)

ALLOYS OF COBALT.—Cobalt and tin, in the liquid state, are

miscible in all proportions, but solid cobalt dissolves only about

3.5 per cent, of tin. Two definite compounds, CoSn and COoSn
are formed. Cobalt and antimony also mix in all proportions

in the liquid state. Solid cobalt can take up 12.5 per cent, of

antimony, forming the compounds CoSb and CoSb.. Cobalt

and lead form no definite solid compound, and even when liquid

each dissolves only a small quantity of the other. The same law

applies to the alloys of cobalt with bismuth and thallium. Cobalt

and zinc, fused together, deposit alloys in which the definite com-

pound CoZn^ has been found. Cobalt and chromium mix in all

proportions, both in solid and liquid form. Cobalt and silicon

mix in all proportions, when liquid, and form five definite solid

compounds, Co.,Si, CoSi, CoSio. CoSi-,, and CoSi^. (Sci. Amcr..

March 5. 1910.)

ALL-STEEL CARS.—The Pennsylvania Railroad Co. announced
on August 12, 1906, that all future passenger equipment would
be built of steel, and of a design such as to render it indestruc-

tible either by collision or fire. Tn planning the cars and estab-

lishing standard types no expense was spared to build a coach

409



4IO Current Topics.

of the greatest possible strength, with an absolutely incom-
bustible inside lining which should also be a poor conductor of

heat and noise. There are now in service 245 coaches, 10 dining
cars, 21 combination passenger and baggage cars, 29 baggage
cars, 18 postal cars, and one company car, making a total of

324 steel cars. The Pullman Co. has been building some all-

steel parlor and sleeping cars, and about 500 of them will shortly

be placed in service. During the present year the P. R. R.
Co. have ordered some 250 cars to be built. i^Sci. American,
Feb. 26, 1910.J

AMERICAN ELECTRO-CHEMICAL SOCIETY.—The annual
convention of the American Electro-Chemical Society will be

held at Pittsburg. The electric-steel furnace is no longer con-

sidered with suspicion or contempt by the practical iron and
steel man. It is recognized as a very useful adjunct to the

Bessemer converter and open-hearth steel plants, and before

many years will be in extended use in steel works. The con-

vention will visit two steel works where electric refining fur-

naces are in operation. {Metall. and Cheni. Eng., viii, 4.)

ARTIFICIAL RUBIES AND SAPPHIRES.—Artificial rubies are

obtained by fusing alumina with 2.5 per cent, of chromium
oxide in a \^erneuil flame and taking care, first, to conduct the

fusion in that part of the flame which is rich in carbon and
hydrogen and not hot enough to cause ebullition of the mass

;

second, to crystallize the mass in layers superimposed from be-

low upward, which allows the growth by a series of thin layers

and gradual solidification ; third, to limit the contact of the

fused product with the support to an extremely small surface,

in such a w^ay as to diminish the number of fissures.

The fusion should last two and one-half hours. Synthetic

rubies have the same properties as natural rubies. They have

two defects, similar to those of glass, and invisible to the naked

eye, only discoverable by the microscope : these are unequal

distribution of the bubbles, and the striations which mark the

zones of increase and are due to the volatilization of chromium
oxide, causing a discoloration of that portion.

M. Verneuil has also succeeded in reproducing sapphires

synthetically by fusion. The oriental sapphire owes its blue

color to the presence of a small quantity of a lower chromium
oxide.

Saint-Claire Deville and Caron concluded from their re-

searches that the difference in the color of rubies and sapphires

is either due to the proportion of chromium oxide or to the

state of oxidation of the chromium. By the methods of Fremy
and Verneuil only pale rubies or colorless corundum, can be

produced. Similar experiments with iron peroxide, instead of
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chromium sesquioxide, have given dark blue colored crystals,

which appear still darker by artificial light, and appear to cor-

respond to Australian sapphires.

If a small quantity of titanic acid is introduced, together

with magnetic iron oxide, there are produced by fusion in the

oxy-hydrogen flame, beautiful sapphires colored by a minimum
of iron oxide. M. V'erneuil has produced them from alumina
with the addition of 1.5 per thousand of magnetic iron oxide,

and I per thousand of titanic acid. Hence there are two kinds

of sapphires, those colored by chromium oxide and those colored

by iron oxides and titanium oxide. (Bull, de la Socictc d'En-
couragement, 113, I.)

CARBON TETRACHLORIDE AS A FIRE EXTINGUISHER.
—If carbon tetrachloride is squirted onto a fire from a receptacle

fitted with a nozzle and a plunger, its heavy noncombustible
vapor acts as a blanket and shuts out the oxygen of the air

necessary to support combustion. As it is inert and non-corro-

sive, the extinguisher when once charged needs no attention

until it requires replenishing. The vapor volatilized by heat has

an anaesthetic effect, and if used in a closed space, this space

should be well ventilated.

In its liquid state it is miscible with gasolene and if present

in sufficient proportion renders the mixture non-inflammalDle. It

is not injurious to fabrics, and is an excellent solvent of grease

spots, for which use it is sold under different trade names.
(Horseless Age, Jan., 1910.)

CARBON TETRACHLORIDE VAPOR.—The vapor of CCl,
acts on mineral metallic oxides transforming them to chlorides,

as readily as on artificial products, if they are sufficiently finely

divided. Silica is not attacked ; anhydrous silicates are attacked

in inverse proportion to their content of silica, while hydrated

silicates are completely transformed. The separation of the

volatile chlorides, and the removal of the insoluble silica from
the residue, makes this process valuable in mineral analysis, and
in the detection of oxide in non-oxide minerals, such as molyb-

denite. (P. Camboulives. Coni(>tes Reiidiis, 150. 221.)

CHARDONNET ARTIFICIAL SILK.—A method, which is

stated to be successful, has been operated since 1906. in a

Hungarian artificial silk factory. It consists of operating the

reels on which the artificial silk is wound by means of a roller

on which water is sprinkled. The water washes the solvent

out of the wet fibres, the supply is regulateil so that the liquid

recovered from the roller contains alx^iut 14 per cent, of ether-

alcohol, which can be recovered by distillation. (A. \^ajdafg.

Cliein. Zeit.. 34. Rep. 75.)
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CONDUCTiViTY OF METALS AT HIGH TEMPERATURES.
—H a long thin platinum wire is twisted into a spiral round a

glass rod, and the spiral heated to redness by an electric current,

and the lower portion dipped into cold water in a beaker, then

the upper portion becomes white hot, i.e., the current has become
greater and the resistance of the cooled end of the wire has

become less. If too much of the spiral is immersed, the wire

melts, especially if a mixture of carbon dioxide and ether is

used for cooling.

CYLINDER LUBRICATION.^In connection with Prof. C. F.

Mabery's paper on " Lubrication and Lubricants " (a synopsis

of which appeared in the April issue of this Journal) users

of cylinder oils were invited to submit data as to their practice.

A table of their replies appears in the Iron Age for February 17,

19 10, which is well worth careful study. Remarkable differences

are to be noticed in the cost per thousand estimated horse-power

per hour, ranging from 0.47 cents to 30 cents ; and in the

amount of oil used per 1,000,000 square feet of surface rubbed

over per hour, ranging from 0.07 to 5.94 pints. By comparing

this table with the results obtained in their own plants, users

will be able to conclude whether they are, or are not, using

cylinder oil economically.

DECARBURIZATION OF CAST-IRON BY GASEOUS OX-
IDIZING MEDIA.—White cast-iron rods containing 0.35 per

cent, of silicon, 0.17 per cent, manganese, 0.03 per cent, phos-

phorus, 0.02 per cent, sulphur, 3.18 per cent, of carbon and free

from graphite, both before and after tempering in a vacuum for

10 hours at 950° C. were heated in a Herseus electric furnace

for five hours, and about three litres of a mixture of pure dry

carbon dioxide and carbon monoxide were passed over them.

The temperatures used were 800° C, then 900° C, and 1000°

C, and the percentage of carbon dioxide in the gaseous mixture

was determined before and after being passed over the heated

iron. The weights oi the metal before and after the experiments

indicated that the decarburization increased with the increase of

carbon dioxide content and with the increase of temperature.

There is also a danger of an oxidation of the iron as the carbon

dioxide increases, but experiment showed that no observable

oxidation took place at 800° C. in a mixture containing 30 per

cent, of carbon dioxide, nor at 900° C. with 28 per cent., nor

at 1000° C. with 24 per cent, of carbon dioxide. Decarburiza-

tion is slow at 800° C. and the most practical condition

seems to be the use of a mixture containing 24 per cent, of

carbon dioxide and 76 per cent, of carbon monoxide at a tern-

perature between 900° C. and 1000° C. (H. Becker, Metallurgic,.

1910, 7, 4I-59-)
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DYEING UF WUUL.—The author agrees with the theory that

wool contains amino, imino, and carboxyl groups, as only by
this constitution can it be explained why wool mordanted with
tin tannate loses its affinity for acid dyestuffs. This loss of
affinity also occurs when hydroxyl and carbonyl groups are
introduced by the dyestuffs, etc., used. (M. Saget, Monit. Sci.,

24, 80.)

ETYMOLOGY AND HISTORY OE THE WORD ' GAS.'—
J. B. van Helmont was the first to differentiate the aeriform
substances (which behave differently), from common air and
vapors, and these he arbitrarily called ' gases.' Xo reason can
be assigned for the point of view which led him to coin this

word; from a comparison with the ' Diinste ' (vapors) and the
' chaos ' of the old authors. Xo hint can be drawn as to its

etymological derivation from the word chaos. Von Lippmann
states that the word chaos expressed in antiquity the origin of

all things. The author proceeds to describe the labors of other
investigators to determine the etymology of the expression * gas,'

from the time Van Helmont coined it, which has remained the

same to the present day, in spite of manifold and great changes
in the idea. (Max Sheter, Chcm. Ztg., 34, 193-194.)

EXPLOSIVE COAL DUST.—Recent experiments have proved
conclusively that coal dust which is so fine as to pass a 200
mesh sieve, will explode on contact with either a naked flame

or with the arc of an electric current. {Sci. American, Feb. 26,

1910.)

HISTORY OF THE WORD ' GAS.'—Van Helmont was the first

to use the word ' gas,' and claimed the new word. Paracelsus
had already spoken in the " Paramirum," and in other places, of
' Chaos-kalte ' in a sense which justifies his ' chaos ' as equivalent

to ' gas,' thus " the element ' aer ' is nothing but a perfect chaos

. . . ; and ... is known as the element air (atmosphere)
or chaos." The expression chaos at any rate originated with

Paracelsus. Presumably Van Helmont derived it from Paracelsus

without any distinct recollection, and his ' gas ' can be traced

to the word * chaos.' (G. O. von Lippmann, Chcm. Ztg., 34. i.)

HYDROGEN FOR THE INFLATION OF PNEU^L\TIC
TIRES.—The laborious operation of inflating automobile tires

mav be avoided by the use of cylinders of compressed air. But
such cylinders cannot always be conveniently replenished when
exhausted. The idea is put forward of substituting hydrogen
for compressed air. This hydrogen is generated by the de-

composition of water by aluminum in the presence of alkalies.
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or mercury bichloride. Ten ounces of granulated aluminum and
ten ounces of water, with a little mercury bichloride are placed
in an air-tube of six and one-half pints' capacity (such as are
usually furnished by the tire makers) and the bronze plug
quickly screwed down. In a few minutes the air-tube is filled

wdth hydrogen at a pressure of 150 atmospheres, i.e., more than
100 gallons of hydrogen at atmospheric pressure are generated.
Approximately 20 ounces of alumina are formed simultaneously

which can be readily washed out when the air-tube is empty.
This simple method enables an automobilist to recharge his air-

tubes and to inflate his tires with hydrogen instead of air.

Graham's law of the diffusion of gases through porous walls,

is that the rate of diffusion is inversely proportional to the

square root of the density of the gas, but the rate of diffusion

through colloidal substances, such as rubber, is directly pro-

portional to the facility with which the gas can be liquified. By
supplying the ingredients in cartridges of the proper volume
for a given size of cylinder, or by providing each cylinder with a

safety valve, any danger of overcharging and rupturing the

cylinder may be avoided. This method of generating hydrogen
for inflating balloons was used in the Russo-Japanese War, but

its application to the production of cylinders of compressed
hydrogen appears to be new. (Druilly in the Scientific

American.)

NEW HIGH-SPEED TOOL-STEEL.—The Electric Steel Co..

of N. Y., is building a plant at New Milford, Conn., for produc-
ing a new high-speed tool-steel under the Louis Auricchio
process. Specimens of the steel made in an experimental furnace

have been tested with exceptionallv satisfactory results. (Iron

Age, 85, 7.)

NON-SHRINKING ALLOY.—Tin, 50 pounds, and zinc, 50
pounds, gives a tough, hard metal, that runs well. It is im-
proved by the addition of 2 pounds of bismuth. By the use

of heavy sprues, and pouring cold, the slight shrinkage may be

largely overcome. {The Metal Industry, Feb., 1910.)

OXIDIZED ALUMINUM WIRE FOR RAILWAY MOTOR
COILS.—The resistance of the oxide film is sufficient to prevent

short-circuiting between parallel adjoining wires of the same
winding, when the difference of potential between them does
not exceed 0.5 volts. Some other form of insulation is re-

quired between successive layers. Space can be saved and a

better distribution of mechanical stresses secured by using square

wire. A successful aluminum-wound motor means lighter

weight, lower first cost and absence of short-circuits as caused

by the charring of cotton insulation. The decrease in main-
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tenance cost is particularly marked in the case of railway motors,
because their insulation is most likely to be disintegrated by
shock. (Paulsmcier. Paper read before the German Street
and Interurban Railway Association,

j

PHOSPHORESCENCE OF THE SULPHIDES OF ALAKA-
LINE EARTHS.—The phosphorescent properties of barium-,
strontium-, and calcium-sulphide, which have been lost by ex-
posure to air, can be revived by heating the sulphides strongl\-

in a current of dry hydrogen. The sulj^hide, either in small
fragments or powdered, is placed in a refractory Bohemian-
glass combustion-tube, tapered at one end, and with the other
end cofinected to a large vessel containing pumice stone mois-
tened with sulphuric acid, and thence to the gas holder. The
tube is placed in a combustion furnace, protected by asbestos.

The air is first expelled by the hydrogen, then the tube is

gradually heated until the glass begins to soften and held at

that temperature for 15 to 20 minutes. The stream of gas is

stopped, the tapered end of the tube sealed with a blowpipe,

and the contents are allowed to cool, in the enclosed atmosphere
of hydrogen. During the heating a series of small explosions

occur, and some drops of water condense in the cool parts of

the tube, and sometimes a little sulphur is deposited. After
cooling the sulphide has completely recovered its phosphor-
escence. Heat alone, without hydrogen, only produces a slight

improvement. (D. Gernez, Couiptes Rcndus, 150, 295.)

PHOSPHOR-BRONZE.—In alloys containing less than 4.5 per

cent, of tin, the phosphorus is present as rounded, more or

less detached particles of copper phosphide. CuoP, the tin being

in solution in the copper. With more than 4.5 per cent, of

tin the alloys contain a ternary cutectic of copper. Cu-jP, and
Cu^Sn. Copper is capable of holding a small quantity of phos-

phorous as well as tin in solution as occurs in the malleable

phosphor-bronzes in which tin does not exceed about 6 per

cent, and phosphorous 0.3 per cent. {Inst, of Metals, Jan.,

1910.)

POLISHING METALS BY A " RUBBING-IN " PROCESS.—
A compound named " Galvanit "'

is claimed to clean and polish

metal, not by removing the tarnished surface by abrasion, but

by adding metal to the surface to be polished, by a species of

electroplating. Provided the objects are reasonably clean they

can be plated without any preliminary cleansing treatment.

The composition of the " Galvanit " powder necessarily varies

according to the jiarticular metal to be deposited. .-Ml metals

generally deposited by the battery process can he deposited by
the " Galvanit " process, and also many alloys. Speaking gen-
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erally, any given metal can be deposited on the same metal or

on any other metal. The mixtures employed comprise some
form, either elementary or combined, of the metal to be deposited

and secondly an electro-positive metal in the uncombined form,

and thirdly, a substance which is capable of producing an
aqueous electrolyte when brought in contact with moisture.

The electro-positive metal employed is generally magnesium

;

but in some cases a less electro-positive metal, such as aluminum,
zinc or cadmium works very well. The choice of the electro-

positive metal or anode, depends on the metal to be deposited

and upon the nature of the receiving surface, or cathode, to

be coated. In practice it is found that by mixing a salt with

an electro-positive element, such as zinc or rfiagnesium, a

violent reaction takes place, evolving great heat, and the mixture

is spoiled, or in any case the deposition is too rapid or of bad
color. It is therefore advantageous to add some inert sub-

stance, which acts as a diluent and as a polishing medium, e.g.,

chalk, talcum, boracic acid and so forth. To avoid this difficulty

of premature action, it is better to use the metal to be deposited

rather than a salt of the metal. The requisites then are (i;

the metal to be deposited, (2) a salt, preferably an ammonium
salt, and (3) the electro-positive metal; and to keep the mix-

ture dry and to prevent the salt acting on the electro-positive

metal, some inert ingredients, as for example

:

Parts by weight.

Zinc 15
Ammonium sulphate 5

Magnesium i

Chalk 10

Soapstone 2.5

If it is desired to deposit some other metal, for instance

cadmium, then cadmium is substituted for zinc.

As in the wet processes, in some cases acid baths, and in

others alkaline baths, are preferable, so it is desirable in the
" Galvanit " process to add acid or alkaline ingredients to

produce the requisite reaction in the presence of moisture, to

form an acid or alkaline electrolyte. In this reaction the electro-

positive metal constitutes the anode and the object treated the

cathode, and as the " Galvanit " contains a quantity of finely

powdered electro-positive metal it makes innumerable contacts

with the cathode surface, and acts as so many minute anodes

;

thus the surface of the metal is the seat of concomitant voltaic

and electrolytic actions, and as these currents leave the liquid

they throw down a thick film of metal from the metallic salt in

solution on the cathode and plate it.

The remainder of the article s>-oes fullv into the theoretical
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considerations of the process and is worth careful perusal.

(Augustus Rosenberg, Journ. of Soc. of Arts.)

PROCEEDINGS OF THE INTERNATIONAL COMiMISSION
ON ATOMIC WEIGHTS.—

Chlorine.—By passing nitrosylchloride, NOCe, over silver to

remove chlorine, then over heated copper to remove oxygen and

finally over metallic calcium to absorb nitrogen, a full analysiij

of this compound was made. From the ratio of oxygen to

chlorine it resulted that the At. wt. of chlorine is 35.468, and

nitrogen is 14.006.

Carbon.—Baume and Perrot have found from the density

of methane that carbon= 12.004. From the density of toluol

vapor, as determined by Ramsay and Steele, Leduc finds car-

bon= 12.003.

Iodine and Silver.—Baxter and Tilley have determined the

ratio between iodine pentoxide and silver. They conclude that

silver lies between 107.847 and 107.850. The corresponding value

for iodine is 126.891.

Phosphorus.—From the density of phosphoretted hydrogen,

PH.,, Ter Gerzarian finds the value of phosphorus= 30.906.

Arsenic.—Baxter and Cofiin compared the ratios of silver

arsenate with silver chloride and silver bromide respectively,

by two methods. For the value 107.880 for silver, the final

mean of arsenic was 74.957.
Chromium.—Baxter, Miiller, and Hinnes found by the

analysis of silver chromate a mean value for chromium of

52.008, when silver is 108.88. Similar analyses of silver di-

chromate gave Baxter and Jesse for chromium the value 52.018.

This gives chromium a mean value of 52.01.

Tellurium.—Lenher led the double potassium tellurium

bromide over potassium chloride, and then heated it in a current

of chlorine and lastly in hydrochloric acid. The mean value

from 16 experiments gave Te= 127.55.

Mercury.—Easlay found the unusually high values of 200.48

and 200.62 for mercury ; but as he is still continuing his in-

vestigation, it is not desirable to accept his figures until his

work is completed.

Palladium.—Gutbier. Haas, and Gebhardt analysed pallados-

ammonium bromide and found as the most probable mean value

Pd= 106.689.

Krypton and Xoion.—^Nfoore isolated both gases in consider-

able quantities from the residues of liquid air. From the densities

of the two gases he found Kr= 83.012 and Xe = i30-70- (^
W. Clarke, and others. Zeif. fiir ang. Chem.. xxi.ii. i. 21.)

SPECTRU.M ANALYSIS.—The solar spectrum and the stellar

spectra are comparable to arc electra. that is to the spectra of

very hot flames. But the spectra of the lines of hydrocen and
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helium show that the solar spectrum is modified by electrical

phenom.ena. I propose as an hypothesis, that the spectrum of

the elements present in the sun resemble the arc spectrum,
because its production is either due to, or accompanied by, elec-

trical discharges. If in the spectrum of dissociation of a metal-

lic compound, or of an alloy, we get the lines of its constituents,

and all the rays of its spark spectrum, including those of the

arc, the total limit of apparition is reached or passed. As these

diminish, only the rays of the arc appear, and finally only the

rays of the arc-light. If, as an hypotheses, these results are

applied to the sun, it explains on the one hand, how the ultimate

rays are found in all the Solar regions, and on the other hand,
how the spark rays acompany those of the arc in the spectra

of the sun spots.

But in the highest parts of the chromosphere, a very small

number of spark rays are visible as well as the ultimate rays.

These spark rays are the enhanced lines which Sir Norman
Lockyer attributes to the proto-elements resulting from the

dissociation of simple bodies. This term might be given them
whenever they are found separated from the complete spectrum
to which they belong. On the contrary they correspond to a

great tenuity of the ordinary element not dissociated, when they

are included in the complete S])ectrum to which they belong.

There are found then in the higher zones of the chromosphere,

at the same time, very rarified gases of the integral element and
the products of its incipient decomposition.

(In the whole then this hypothesis supposes that the spectra

of the dififerent regions of the sun are the spectra of dissocia-

tion and that their dififerences are principally due to the varia-

tions in the proportions of the elements present.

As to the spectra of the metalloids which have not been

recognized in the sun, it should not be concluded that the ele-

ments are not present in the sun. nor that their spectra are

assimilated in an arc spectrum. I have shown recently that

rays of great perceptibility and the ultimate rays of several of

these metalloids are situated in that part of the ultra-violet

absorbed by the terrestrial atmosphere. But the field of astro-

nomical spectroscopy is limited not only by atmospheric absorp-

tion, but also by the instruments used (silvered mirrors or flint

lenses) and by the sensitiveness of the present photographic

plates.— ( ]\I. A. de Gramont. Couiptes Rendus, 150, 37.)

TESTING DAMP-PROOF MATERIALS.—The problem is to

find a material which could be applied to an existing structure

without altering materially the natural color or general appear-

ance of the concrete, and which would prevent the absorption

of rain. The material therefore had to be a colorless solution or

wash, thus excluding all materials containing a pigment.



Current Topics. 419

Nineteen samples of compounds which the makers claimed

would do just what was required were obtained.

The method of testing was as follows : Several 3-inch cubes

were moulded with a depression on one side large enough to

hold about 40 c.c. of water. These were made of a rather dry
mixture of one part of Portland cement and 3 parts of crushed
granite by volume. The crushed stone was screened through
a fine-mesh screen, giving particles varying from an impalpable

powder to those just small enough to pass the screen, conse-

quently the cubes were very porous and absorbent. After the

cubes were set they were tested for porosity by filling the de-

pression with water and noting the time required for absorption.

Any cube requiring more than one minute to absorb the water
was rejected.

After drying out thoroughly the side having the depression

was given a liberal soaking coat of the damp-proofing com-
position under test. This was allowed to dry and a second

liberal coat, or as much as the concrete would absorb, was
applied.

After this second coat dried its efficiency was tested in this

way : 30 c.c. of water were placed in each cup, a watchcrystal

superimposed to prevent evaporation, and the cube left undis-

turbed until the water was completely absorbed. The efficiency

of the compound was of course proportional to the time required.

After this the cubes were exposed to the weather for several

months and again tested as before. On the first test five required

less than one hour to absorb the water ; four required more
than one hour but less than one day ; seven more than one day

but less than one week ; and three held water for more than

one week.

On the second test, seven stood less than one hour ; eleven

more than one hour but less than one day ; and one held water

for more than one day and lasted nine days.

Nine darkened the surface of the concrete, one made it

lighter and the remaining nine had little if any effect on the

color. (C. M. Chapman, in a paper before the National Asso-

ciation of Cement Users.)

THROUGH THE AH^.—Whether with rigid- or flexible-franied

dirigible, monoplane or biplane, aeroplane, or the combination

and blending of two or more of these typos, aerial progress is

constant and consistent. The constant incentive furnished by

the efforts of the military authorities of every nation ensure

no loss of interest in the subject. It is not rash to say that

we shall come to the final form of airship, sooner than was
possible with land vehicles or sea-going ships. {Arms and the

Man, xlvii, 26.)



420 Current Topics.

THE TRANSFORMATION OF SELENIUM.—Selenium is

found in three conditions : vitreous, red in thin sheets ; crystal-

lised, red ; and metallic, black in thin sheets. These three states

are characterized by different densities.

Pure vitreous selenium quickly cooled in a vacuum has the

density 4.302. When reduced to powder after boiling in toluol,

however, its density is 4.80. By the action of a concentrated

solution of potassium hydroxide on selenium at 230° C. and

slow cooling, it is obtained crystallized in long needles, with a

density 4.82. Its fusion point in a Maquenne block is 219°.

The density of red selenium crystallized by contact with

carbon disulphide at a temperature of 20° C. is 4.455. This

selenium has little stability, its color darkens as the temperature

rises. (M. Maurice Coste, Moniteur ScientiUque, Jan., 1910.)

ZIRCONIUM DIOXIDE.—Natural Brazilian zirconia contains

85-90 per cent, of zirconium dioxide. Its specific gravity is 4.9

and its hardness about 7. Pure fused zirconium has a very

small coeflficient of expansion (linear coefficient= 0.00000084

)

and can be plunged into cold water when white hot without fear

of fracture. Its density is 5.75. It is very difficult to melt,

and vessels said to be made of the fused oxide contained alkali.

Crucibles made of 9 parts of the oxide and i part of mag-
nesia, with 10 per cent, of phosphoric acid as a binder, are not

at all affected by sudden changes of temperature, and are prac-

tically unattacked by fused alkalies or bisulphate. The oxide

can replace lime and silica in glass manufacture. It is not

reduced by aluminum, but if this oxide be mixed with ferric

oxide, aluminum reduces them to an alloy of zirconium and iron.

To obtain the oxide, 100 parts of powdered mineral is mixed
with 120 parts sodium sulphate and 35 parts powdered carbon,

one-third of its weight of sodium chloride is added as a flux

and the mixture is very strongly heated in a blast-furnace ; the

product is powdered and boiled in water several hours, the

residue, containing iron sulphide, filtered off, treated with hydro-

chloric acid, again filtered, and the carbonaceous residue ignited.

— {Zeit. Anorg. Chem., 65, 178.)

^
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[The behavior of fine particles suspended in water is now attracting

much attention from both theoretical and practical viewpoints. Especially

important is the flocculation of these particles or their tendency to gather

into aggregates. This paper outlines the present knowledge of these phe-

nomena of Hocculation as they affect suspension and as they are affected

by various external conditions, mainly the presence or absence of soluble

salts, acids, alkalies, and organic colloids. The appendix discusses the phe-

nomena of flocculation in soils.]

THE NATURE AND OCCURRENCE OF FLOCCULATION.

If to a suspension of, say, tine clay in water one adds a

little sulphuric acid the clay particles are seen to gather slowly

into aggregates and subside. This appearance and the similar

phenomena extending through the whole range of suspensions,

colloidal solutions, etc., and induced by many and varied agents

and circumstances, have received the name of flocculation. Fun-

damentally this means nothing more than the gathering together

* An address delivered by invitation before the Chemical Section of the

Institute on March 10, 1910. Published by permission of the Secretary of

Agriculture.

[Note.—The Franklin Institute is not responsible for the statements and opinions advanced

by contributors to the Journal.]
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of the particles into aggregates, and all kinds of heterogeneous

systems may therefore show similar or analogous phenomena.

Some cases are shown in the following illustrations : Fig. i

shows a suspension of very fine lampblack. Fig. 2 shows the

same suspension after the addition of a flocculating agent. Fig.

3 shows five suspensions, originally similar, to four of which

various flocculating agents have been added. The tube on the

right is in the original condition. These matters have their

Fig Fig. 2.

A non-rioccu'.aled suspension of lampback. The same suspension as Fig. i, but Hocculated.

clearest and best illustration in the so-called "disperse." systems

consisting of very fine particles distributed tlirough a dissimilar

medium, and typified by the well-known suspensions and

eniulsions.

With these systems we must include not only those suspen-

sions and emulsions whose particles are individually or collectively

visible to the eye or under the microscope, but also the great class

of bodies known as colloids, which recent research has shown to be

simply suspensions of particles which are extraordinarily small

—
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too small to be detected l)y ordinary optical methods. The most

imiK)rtant result of the many investigations ^ made in this field

in the last decade is the conclusion, now well established, that all

of these apparently dissimilar bodies are fundamentally the same,

and that no sharp se])aration can be made anywhere in the un-

FlG. 3.

TulifS CDiUaiiiiny tiocculaled ami Hon-liocciiiated su^iiciisioiis

broken series from. say. a temporary suspension of quartz sand

in water to a "" solution " of colloidal silica. In fact if one

accepts the molecular hypothesis and the onlinarv fonns of the

^ Witliout uiululy increasing tlio Inilk of tliis jiapcr il wouKl I»c impos-
sible to givf citations to tlie original anthoritics for tlio various facts and
theories mciitionod. There is appcmled. lunvever. a short bibliograpliy of
some of the more important works. Tlie general works there cited under
FrcuntlHcli.Ostwald and Zsigmondy respectiv ily will furnish ample means
ti>ward further ac<iuaintance with the literature.
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solution theory, the " true " solutions themselves may be re-

g-arded as but disperse systems in which the particles are so small

as to attain the dimensions of the molecule or the ion.-

The most important deduction from this generalization is

that the colloidal state is possible for any substance which can

Le made to take and retain the requisite fineness of division. Col-

loids are not special bodies but bodies in a special condition ; and
Ihe substances known to exist in this condition are simply those

for which we know how to attain and preserve the required

(degree of division. With the advance of studies in this field the

Table I.

Classification of Disperse Systems According to the Nature of the Phases.

Solid medium. Liquid medium. Gaseous medium.

Class I. Class 4- Class 7.

Solid particle.

.

Crystal inclusions and
most colored crystals.

Solid solutions.

Suspensions.
Solid-particle colloids.
Solutions (limiting

case).

Smoke.
" Dry fog."
Dusty air.

Liquid particle.

Class

Liquid inclusions in
crystals.

Liquids absorbed by
metals.

Class 5.

Emulsions.
Liquid- particle colloids.

Miscible liquids (limit-

ing case).

Class 8.

Steam and cloud.
Wet fog.

Gaseous particle

Class 3.

Gas inclusions.
Gases absorbe-d by
metals.

Class 6.

Foams.
Gas suspensions.

No known examples.

number of known colloids is increasing daily, and there seems

every reason to believe that any body whatever can be made

to exist in the colloidal condition if a suitable medium and

proper surrounding conditions be secured. Similarly the

phenomena of flocculation are phenomena general to all bodies

which can be kept in suspension, either temporary or permanent

;

and are apparently affected only in qualitative ways by the

^ It is indeed an experimental fact that the continuity of the series above

mentioned does extend into the realm of "solution," and that " colloids

"

shade gradually into " solutions," as do " suspensions " into colloids.
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special properties of the suspended sul^stance <jv the medium of

suspension.

In addition to the rough classification of disperse systems

according to size of particle" (into coarse or "true" suspen-

sions, colloids, and "true" solutions), it is possible to classify

them also according to the natures of the suspended particles and

of the medium. One may have a suspension of solid particles

in a liquid medium, of h(iuid particles in a gaseous medium,

etc. With two-pliase systems ( which are the only ones here

discussed) there are nine possible combinations as indicated in

Table I. Of " suspensions " of gases in gases there are ob-

viously no tangible examples, but the other eight classes are

fully represented in reality, and illustrations are given in the

tal)le. h'locculation ])lienomena are known to occur in all of

these classes of disperse systems, but for practical purposes two

classes only are of imixirtance. namely, the " suspensions " of

solids in liquids, and the " emulsions " of liquids in liquids. In

a limited paper it is impossible to discuss all of the cases even

in these two classes, and I shall therefore limit myself to a

consideration of suspensions of solid particles in water and to

such of those suspensions as are composed of particles larger

than the upper limit commonly assigned to the field of colloids,'*

—that is. to " true " or " coarse " suspensions of solids in water.

THE MECHANICS OF SUSPENSION.'^

Having thus focussed our attention on a very small part of

the whole field of flocculation phenomena, it remains only by

way of introduction to speak briefly of the laws which control

the suspension and subsidence of fine particles in water, and

particularly of tlie effects of flocculation on the acting forces. The

resistance to the passage of a body through a viscous medium
increases with the velocity, and when a body moves through

sucli a medium under the action of gravity its velocity is acceler-

ated until it reaches a definite limiting value which is there-

^ Or better. " degree of dispersion."
* l^sually taken as a diameter of one-tentii of a micron or one ten-

tliousandth of a millimetre. ...
'' At tlie reque.^^t of some members of tbe Institute, tbere is given in

tlie second part of the appended bibliosirapby a list of some of the more
nnportant references on this snbiect. The subject is treated in most advanced
text-liooks of mechanics and hydrodynamics.
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after constant so long as the conditions remain unchanged. For
the case of small spheres this constant final, or limiting velocity

has been shown by Stokes and others to be equal to

where k is a constant expressing the viscosity of the fluid, r is

the radius of the sphere, d and d^ are the densities of the particle

and the fluid respectively, and g is the acceleration of gravity.

For fine particles in water the "
z'

" of this formula is soon

attained and represents sufticiently well the rate of sedimentation.

It is apparent therefore that the \ariables which actually influence

this rate are: ( i ) the ditTerence of the densities, (2) the vis-

cosity of the medium, and (3) the radius of the particle. The
rate varies directly as the first, inversely as the second and

directly as the square of the third. In actual experiment this

formula holds sufticiently well for particles of appreciable size,

but with very fine i)articles many irregularities appear and are

probably to be ascribed to the action of surface forces, absorp-

tion effects, etc., which are still very imperfectly understood,

and whose effects become perceptible only with the great relative

increase of surface which accompanies fine division. Further,

this formula is derived for particles of spherical form and can

be applied to them only. For other and less regularly formed

particles, not only does the surface increase in greater ratio to the

radius (this increase occasioning a relatively greater importance

of the viscosity factor), but there appears a new factor depend-

ent on the shape and which we may conveniently designate the

shape-factor. In the present state of knowledge this factor is

not susceptible of precise analysis. One can but say that, other

things equal, it causes the more irregular particles to fall more
slowly.^

For present pur])Oses the \-aried eft'ects of density, \-iscosity,

and shape of particle ma\' l)e ])assed with a mere statement of

their existence. Tlie size of the i)articles is more important,

and requires some <liscussion. It is evident, first, that for a

finite size of particle the \-elocity of fall can never become zero,

for viscosity, unlike llie surface friction of solids, has no term for

"As an example of its action, tlie rate of fall of mica llakes is less than

of the more regular grains of other minerals.
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friction of rest. Theoretically, therefcjre, permanent suspension

cannot occur with particles the density of which ditfers from

that of the surrounding medium. Practically, however, since

the velocity of fall varies with the square of the radius, it is easily

possible to find particles so small that their fall is almost in-

finitely slow, so slow in fact as to be entirely counteracted by

convectional and other circulations which it is impossible entirely

to eliminate from the medium itself. Practically permanent

suspension is therefore possil)le l)y the action of well-known

physical factors, even wiliiout llie necessity of invoking those

chemical combinations, and electrical and molecular-kinetic

actions which seem to come into pla\' in the tiner-grained <jf

the dis])erse s}-stems.

Applying- this now to flocculation, it is apparent that if the

radius of the ])article exerts such a contrcjlling intluence on the

rate of settling, and if (as is obvious) the flocculation of the

particles increases the effectixe radius. fiocculati(jn must ha\e

the effect of greall\- increasing the ratio of sedimentation and

therefore of hastening the clearing of suspensions. This is in

fact the chief way in which tlocculation is made manifest and

from this fact comes the common use of the word flocculaticju

as signifying" an increase in the rate n\ clearing of a suspension.

Especially " deflocculation " has come to mean a decrease in

the rate of clearing, and suspensions are said to be " defloccu-

lated " when they settle very slowly or not at all. Of course

these uses of the words are perfectlv legitimate, for. if the

idtimate particles be sufiiciently fine, their state of aggregation

(or flocculation) is really the controlling factcir in the rate of

clearing, and tho.se factors which affect this rate do so usually

by affecting the degree of flocculation.

TI[K DECRKK OF KLOCCULATIOX.

It is obvious that the terms flocculation and deflocculatiiMi

(like " high " and " low."' " soluble " and '" insolui)le." etc.) are

relative onlv. The suspension in which the particles are gathered

into the larger aggregates, or in which sedimentation goes on

more rapidly is the more flocculated regardless of the absolute

size or census of the aggregates or the absolute value of the

rate of settling. The minimum of flocculation (or the maximum
of deflocculati(Mi) is reached when all i)articles exist individually
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and there are no aggregates. Any system in which the particles

are gathered even- very sHghtly into aggregates is "flocculated"

in comparison, though it may itself be " deflocculated " in com-
parison with a system exhibiting still more complete aggregation.

Neither does it follow that a system which is called deflocculated

possesses the maximum of deflocculation defined as the existence

of every particle in separate condition. For instance, an alkaline

clay suspension or Mr. Acheson's deflocculated graphite—both

rightly classed as deflocculated—can each be shown to contain

many aggregates. It is very probable indeed that the ideal

maximum deflocculation does not exist in nature in the class of

suspensions under discussion.

Strictly then we should speak of the degree of flocculatioyi

of a system rather than of its existence in a " flocculated " or
" deflocculated " condition, and the thing which mainly concerns

us is the effect of various agents and surroundings upon this

degree of flocculation. For this degree of flocculation, like most
other properties of heterogeneous systems, depends not so much
upon the components of the system as upon the energy potentials

at which it is placed. For a particular combination, as, e.g.,

kaolin in water, there is no definite and fixed state of flocculation.

The degree of flocculation is widely variable and depends upon

the general surroundings of the system : the temperature, the

electric changes, the presence of other bodies, and many other

factors still but dimly sensed. It is not only possible but easy

to change the degree of flocculation of any suspension (exclud-

ing the extreme cases of solutions, etc.), and these dynamic

relations are really the " phenomena of flocculation and defloccu-

lation " in tlie active sense of this expression.

Of energy changes aft'ecting the degree of flocculation we
know very little and that little almost entirely from studies on

the colloids. Whetlier the results here obtained are applicable

to the larger-particle systems to which w^e wish to devote atten-

tion is at least an open question. We do know, however, that

the effect of rise of temperature is practically always to increase

the degree of flocculation, and hence the rate of settling.

Radiant energy both in the form of light and of the rays from

radium and from electrical excitations, seems also to have im-

portant influences, but the data here are still contradictory and

uncertain. Electrical charges and their changes are known to
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be of great imixjrtance, but as we are still unable to control the

electrical energy of systems of this kind, the data on these points

are mainly indirect and can be better discussed after some men-

tion has been made of the effects of added substances.

The addition of many material agents, sometimes in very

small amount, has a great influence. Indeed this is the main

way in which changes in flocculation are brought about in prac-

tice, and here lie the main technical applications of the phenom-

ena. Of the bodies which have large influences the main are

the stronger alkalies and the organic colloids which decrease the

degree of flocculation, and neutral salts and acids which increase

it. The former are the " deflocculators," the latter the " floccu-

lators."

These statements are subject to many exceptions and qualih-

cations, and will require closer examination, but as a prelimin-

ary thereto it may be well to say a word as to the " normal
"

degree of flocculation of a system, or that which would exist

in the absence of any bodies other than the suspended particles

oud the medium. There is a general impression that this

" normal " degree of flocculation would be the absence of any

flocculation at all—that a suspension of, say, fine quartz in

pure water would be entirely deflocculated and would remain

in nearly permanent suspension. Recent work in our own
laboratory has cast much doubt upon the correctness of this im-

pression. The investigation is one of great difticulty because

of trouble in obtaining pure materials, and our results are not

as yet final ; but it seems that the more we purify water the

less readily will kaolin remain suspended in it. and it is probable

that with absolutely pure water we would obtain a certain

medium degree of flocculation intermediate between those ob-

tainable when other substances are present. The exact position

of this intermediate, normal degree of flocculation remains un-

known and would probal)ly \ary with the substances employed

and with the energy potentials. The important ]i(>int. as be-

fore, is the possibilitv of modifying in various ways this normal

degree of flocculation. and especially by action (tf added

materials.

There is. however, the interesting conclusion that the so-

calle<l " permanent " suspensicins (^f clay, kaolin, etc.. oi which

much has been made in the literature are really permanent, or



430 E. E. Free.

nearly so, because of impurities ' in the water, which impurities

prevent the flocculation and suljsicience which would normally

take place.

THE EFFECTS OF DISSOLVED SALTS ON SUSPENSIONS.

If to one of two jars containing kaolin suspended in ordi-

nary water one adds a little common salt or a little sulphuric

acid, the kaolin immediately begins to flocculate and settles out

much more rapidly than in the companion jar to which nothing

was added. On the other hand if instead of sulphuric acid

or common salt one adds ammonia or caustic potash, the degree

of flocculation is decreased and the kaolin remains suspended

much longer than in pure water. If the ultimate particles are

fine enough they will not subside at all. These are simple and

well-known examples of the action of salts, acids and alkalies

on suspensions.

As already mentioned, the stronger alkalies are, in general,

defiocculators ; all salts and acids are flocculators (though with

great differences of intensity). These actions are, however,

not so simple as this statement. The effects vary in diff'erent

concentrations and there are many complexities and anomalies

which still require elucidation. Such cases must be left un-

noticed. In this paper it is possible only to touch on certain

of the more general principles, making full acknowledgment

that their generality is yet to be established, and that they will

doubtless require and receive severe modihcation as knowledge

advances in this field.

Turning first to the actions of the flocculating agents—the

acids and the neutral salts—and considering the eft'ects of vary-

ing concentrations of these bodies, the most noticeable fact is

that a certain minimum concentration of the salt in the solution

is necessary before there is any apparent action on the suspension.

The absolute A'alue of this initial acti\'e concentration varies

with the diff'erent salts, but once attained, the flocculating action

on the suspension begins suddenly and continues rapidly. Fur-

ther increases in concentration produce comparatively little effect.

The matter is illustrated by the ideal cur\-e of Fig-. 4, in which

the concentration is represented on the horizontal axis and the

Mainly organic colloids.
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intensity of tlie llocculatinL; action on the vertical. J lie initial

or " threshold " ccjncentration at which action tirst becomes

apparent is represented hy the point ./. l""or the ordinary

salts and acids this initial concentration is \ery low. In many
cases mere traces are snfficient.

Next in im])ortance to the effect of concentration is the

efifect of the clieniical natnre of the lloccnlatiiiji^ salt, and here

we have two general rnles, both of which have been developed

mainly for colloids. The first is due to flardy'' and states that

a suspension (or colloid) will be tloccnlated only by a solution

or anotlier suspension whose ions or ])articles are of opposing

Fig. 4.

/I
CONCENTRATrON

Idea! curve shcnviiii^ the relation of the flocculating [X)wer lo the concentration in solutions
of most acids and neutral salts.

electrical sii;n. 'Jhat is. a suspension the particles oi which carry

negative charges will be flocculated only by a solution containing

positive ions and vice I'ci'sa. This holds fairly well for colloids

and the exceptions which do exist can probably be explained.

In coarser suspensions the rule is of less utility. It seems

probable that it is still applicable but that its operation is more

often obscured by other factors which are there more powerful.

The second rule is that of Schulze."' and says that the floccu-

lating power of an ion increases very rapidly with its valence.

The flocculating power of the bivalent elements is greater than

that of the monovalent, that of the trivalent i> still greater.

'^ Proc. Roy. Soc, Loiuioii. 66, 115 (i8t)g).

"Jour, prakt. Chein. (2) 25, 445-44O (u"^^-')-
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etc. This rule has also been derived for colloids, holds fairly-

well there and less well for coarser suspensions, and, like the

other, probably fails of complete correspondence with observa-

FlG. 5.

KOHg.perliter
.01 .03 .05 .07

Relation of flocculating power to concentration in solutions of potassium hydroxide.

tion, not because it lacks validity, but because its effects are so

often obscured by other actions still not understood. These
matters will be clearer after the theory of the phenomena has

been outlined.
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Turning now tu llic bodies oi opposite tendency, tlie defloccu-

lators, we tind that the class includes only the stronger alkalies,

—

the hydrates and carbonates of potassium, Sfjdiuni, lithium and

ammonium, and of the rare metals caesium and rubidium."'

The effects of different concentrations of these bodies have

recently received some light from investigations (not yet pub-

lished in detail) whicli have been carried on by Dr. F. K. Cam-
eron and myself. Working with purified kaolin in water we
have studied the effects of solutions of i>otassium hydroxide

over the whole range of concentrations fn^m zero to the point of

saturation for ordinary temperatures. The results are given in

the three ideal ^^ curves of Fig. 5. The first curve shows the

relations over the whole range of concentrations. The very

dilute solutions show what appears to be a sudden drop cor-

responding to a strong deflocculating effect (the characteristic

effect of dilute alkali on suspensions), followed, surprisingly,

by an apparently sudden rise to a fairly strong ftocculating

power, thus reversing the effect of the dilute solutions. This

flocculating power gradually decreases with increase of con-

centration, but this decrease is probably more apparent than real

and seems to be due to the increasing viscosity and density of

the solution which decreases the rate of fall of the aggregates

and simulates a lower degree of flocculation. The conditions in

the dilute solutions are shown better in the two following curves

which show respectively i/ioo and i 10.000 of the top curve.

From the middle curve it is ap])arent that after the first drop

there is a range of concentrations over which the action is a

strong deflocculation. There is then a somewhat gradual in-

crease up to the maximum of flocculating power. The lowest

curve shows the behavior of very dilute solutions and furnishes

a good illustration of the initial or '' threshold " concentration

which is necessarv before action begins, and is analogous to that

already described for the flocculating salts.

The other fixed alkalies show curves of the same general

character, and. with slight modifications, the same is true of

the carbonates of potassium and sodium, .\mmonia. however,

gives only the deflocculating eft'ect. the curve shows the first

'"Tlie hydroxides of calcium, liariuin ami strontium are uncertain in

thoir action and require further study.
" "deal only because of the lack of a direct measure oi tliKCulation.
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drop substantially as in the lo^vest curve of Fig. 5, but the

following rise to a flocculating effect does not occur. The
region of deflocculation extends throughout the concentrations

obtainable at ordinary pressures.

THEORY OF THE ACTIONS OF DISSOLVED SALTS.

At present no comj)lete or perfect theory of these actions can

be formulated, nor would it be a proper part of a paper on the

phenomena of flocculation. There are, however, a few general

lines of suggestion to which it may be well to give brief atten-

tion : for, purely conjectural as these statements may be, they

nevertheless form useful racks on which to hang separate bits

of information and through which we may be able better to

co-ordinate and make use of what we think we know.

Probabl}- the best way to approach this field of theory is to

inquire along what lines we might expect, a priori, the suspension

systems to be influenced by added bodies. Two of these at once

suggest themselves and the complete theory wnll probably in-

clude them at least, wdiatever others it may prove necessary to

add. These two are the effects on solubility relations and on

electric charges.

For an understanding of the first of these it is necessary

first to recognize that the separation between each suspended

particle and the medium siu'rounding it is seldom a sharp one.

The best instances are the emulsions. An emulsion of, say

chloroform and water really consists of a solution of chloroform

in water in which are suspended droplets of a solution of water

in chloroform. The droplets of chloroform dissolve to some

extent in the water and the water dissolves in the chloroform.

This mutual solubility of the two bodies probably has a great

effect on the character of the surface of the particles, and

since the nature oi this surface is known to l)e active in con-

trolling sedimentation and flocculation. it is to be expected that

the amount of the mutual solubility will importantly influence

the latter phenomena. But soluble bodies are likely to influence

the solution equilibria of systems to which they are added, and

it is therefore probable that their addition to emulsions will

have noticeable effects on the mutual solubility of the particle

and the medium, hence on the surface of the particle, and finally

on the degree of flocculation. In the chloroform-water emulsion
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above mentioned the addition of a salt to the chloroform-in-\vater

sokition (the medium) will usually influence the solubility

ec|uilibrium between this and the water-in-chloroform solution

(the particle) ; tlie quantities of water dissolved in the particles

and of chloroform dissolved in the medium will change; and

the surfaces of the particles, the degree of flocculation, and the

other properties may change in turn.

These relations are most obxious in the case of emulsions,

but they apply, changed only in degree, to the solid-particle

suspensions. It is known that the separation between a particle

and a liquid medium is not sharply at a surface, even if the

particle he solid. There is a certain amount of penetration of

the liquid iiitr) tlie solid, or more exactly, of interpenetration

of solid and liquid. It is obvious that added substances may
have on this interpenetration the same sort of action as just

described for the emulsions, and it is ])rol)al)le that the floccu-

lation phenomena of solid-particle suspensions are really in-

fluenced in this way. though the effects are not likely to be so

distinct or so great as in the emulsions. Tlie mutual solubilities

in the latter case are larger and changes in them ])robably play

a greater role.

Here ])elong also the various phenomena of adsorption;

which seem to be essentially modifications of the concentrations

and solubilitv relations in the ;^ones very close to surfaces of

separation. These phenomena ha\e certainly much to do with

surface conditions and many parallelisms between them and

flocculation ha^e been discovered.

Tlie second wa^• in which dissoKed salts nia\" act on sus-

pension is by changing the charges of electricity which are

known to be resident on the surfaces of the particles. The

action of these charges on flix-culation might be either direct

or indirect. In the first case the mechanism would be ordinary

electro-static repulsion. When the ])articles were all charged

and of the same sign, there would be a repulsive force tending

to prevent flocculation. The addition of salt .solutions furnishes

a means of changing the charges '- on the ]-)articles and hence of

modif\ing tliis electro-static resistance to flocculation. If the

'"
Prolialily hccauso of charges resident on the ions in the solution.

For details on these points reference must he made to text-hooks of electro-

chemistrv.
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charges on the particles be reduced to zero, this resistance to

flocculation will disappear and flocculation may take place. There

are in fact certain colloids and suspensions for which the point

of zero electric charge (the " iso-electric point") corresponds

to the greatest degree of flocculation (or the maximum in-

stability j, and in these cases the direct electro-static action is

probably the main controlling factor. In other cases the cor-

respondence is not so good, and for them other factors are

probably predominant or important.

The indirect electric actions are due to the effects of electric

charge in opposing or assisting the various surface tensions and

other forms of energy resident on the surfaces of suspended

particles. The nature and action of these forms of energy is

as yet very little understood and the effects of electric charge

on them must be passed with a mere statement of their existence.

It is probable, however, that these indirect effects far surpass

the direct ones in magnitude and in frequency of occurrence.

It may be pointed out in passing that the actions of electrical

charges on suspensions may be used to explain the rules of

Hardy and Schulze above mentioned. The action of suspensions

of opposing charge in precipitating each other may obviously

be ascribed to neutralization and the destruction of the electro-

static resistance to flocculation. The increase in the flocculating

activity with increase in valence of the active ion is explainable

on the supposition (already reached on electro-chemical grounds)

that the charge carried by an ion increases with its valence.

It seems probable, therefore, that two of the ways in which

dissolved bodies influence the phenomena of flocculation are by

acting on the mutual solubility of the particle and the medium,

and by changing the electric potential at the surface of the two.

Assuming that these actions can go on side by side and in varying

degree, with the predominance now of one and now of the

other, we have a reasonable explanation of the almost infinite

complexity of the resultant actions which we actually observe.

Add to this the known existence of still other factors of which

we have as yet no understanding, and the existing confusion of

"knowledge does not seem surprising.

No claim is made that these two actions are the only ones

which such substances have on suspensions, but they seem at

the present time to be the most generally important, though
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even this guarded statement may have to l>e nKj<Jified as

understanding of the phenomena becomes more clear. How-
ever, the assum[)tion of simuhaneous action in these two ways

but in different degree in each case, fits quite well with certain

known facts not easily explainable otherwise. For instance

:

if lx)th of these actions are possible, the first (that of mutual

solubility) will probably be most important in emulsions, and

the second (that of electric charge) in the s<jlid-particle sus-

pensions. In emulsions the mutual solubilities are absolutely

larger and their changes probablv more important. In solid-

particle suspensions, on the other hand the electric charges are

usually much greater, while the mutual solubility (interpenetra-

tion) is usually not great. Xow the action of additional dis-

solved substances on solubility relations is ordinarily a mass

action and proportional to the amount of added substance, and

it is at least a curious coincidence that in emulsions, where we
would expect action on solubilities to predominate, this same
mass action is found, and the flocculating effect is roughly

proportional to the amount of flocculating salt which is present.

With solid-particle suspensions no mass action is apparent.

The action begins suddenly (at the " threshold " concentration)

and shows practically no variation with increase in concentra-

tion. This is exactly the course of events to be expected if

the action is due mainly to the neutralization of electric charge,

for this would be completed l)v the addition of a definite amount
of the neutralizing material.

Further, the action of soUiIjIc non-electrol\"tes, which may
be expected to affect solubility relations but not electric charges,

is generally much greater on emulsions than on solid-particle

suspensions. The wide deviations from the electrical rules

(those of Hardy and Schulze) for the action oi flocculating

salts are mainly in emulsions and liquid-particle colloids, where

the mutual-solubility relations and not the electric charges are

supposed to be in control. Finally, the hypothesis of the simul-

taneous occurrence of these two actions is in good accord with

the observation of maxima and minima in the concentration-

flocculation curves, as described for potassium hydroxide. There

are indications of similar inversions in the curves for other

bodies, and if these inversions be real, at least two factors of

the same order must be in control of the phenomena. Change
Vol. CLXIX. No. 1014— 25
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of mntual-solnbility, and of electric charge are two which are

possible.

In spite of these agreements, it is however unsafe to claim

for this theory any completeness or certain validity. There are

many known facts for which it fails to account, and to explain

which we must fall back on the convenient " unknow'n factors
"

—an evasive procedure at the best. The final theory of floccu-

lation by dissolved salts is still to be reached, and the present

pages are intended as suggestions and not solution.

{To be continued.)

FUTURE PENCIL WOODS.
Recent conferences of representatives of the Department of Agri-

culture with several lead-pencil manufacturers have resulted in

plans for testing new woods to find out whether they can be used

in the pencil industry. According to some of the manufacturers,

the supply of red cedar, which furnishes practically all the wood
for the annual output of some 325,000,000 pencils, will be ex-

hausted within five years. A substitute must be found which will

whittle easily, which shall contain a large amount of material free

from knots, which shall not be porous, nor spongy, nor unduly
hard, and which shall occur in sufficient quantities to meet the manu-
facturers' demand.

In view of this and at the suggestion of the pencil makers, the

Forest Service is to cooperate in a test of a number of National

Forest woods. Among those to be tried are Rocky Mountain red

cedar. Alligator juniper, western juniper, redwood, incense cedar,

western cedar. Port Orford cedar, and Alaska cypress. Wood
specimens collected from the National Forests will be sent to four

leading manufacturers, who have agreed to make pencils of them.

The manufacturers will keep a record of the tests and report to the

Forest Service the results, as well as their judgment as to the fitness

of the individual woods.
The Forest Service is assisting in this experiment because there

are on the National Forests large quantities of junipers and cedars

which may be suitable for pencil manufacture. For several of

these woods no very valuable use has yet been discovered. For-

esters believe that in the future the woods from the National

Forests may, to a considerable extent, come into use to supple-

ment the diminishing stock of eastern woods, the supply of which
has received no protection.



THE PHYSICAL PRODUCTION OF LIGHT.

BY

EDW. P. HYDE.

(Prcsctilcd (it a Stafcil Meeting of the Section of f'liysis and Chemistry, held
Wednesday, March i6, 1910.)

[The author considers briefly cerlain questions in physiological optics
which determine the light giving properties of radiant energy and then dis-
cusses the laws of radiation and the radiating properties of metals. Partic-
ular attention is given to various new methods for determining selective
radiation, and data obtained by these new methods is presented.]
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IV. Two New Photometric Metiiods of Studving Selectivity.

a. A precise definition of gray bodies and selective bodies.

b. First method : Relative lumens per watt at same distribution
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c. Spectrophotometric compari^-ons of the radiation from the black
body with that from carbon and various metals.

d. Discussion of results obtained by the two photometric methods.
c. Assumption regarding relative temperatures at " color match."
/. Radiometric measurements on several lamps.

g. An interesting deduction from the Wien equation of spectral

energy distribution.

VI. Resume of New Photometric Methods and Results.

a. Emphasis of viewpoint.
/'. Emphasis of simplicity of method.
c. Emphasis of assumption underlying quantitative results.

I. PHYSIOLOGICAL OPTICS.

Light is a sensation. If there was no eye to see there would

be no Hght, however many sources of radiant energy might be

present. Conversely, if the eye were entirely shielded from the

action of radiant energy, the sensation of light might still under

certain conditions be experienced. The sensation, light, can be

produced in two ways, which may be denominated as artificial

and natural. Thus, if the eye is subjected to a shock, such as

that occasioned by a \'iolent blow upon the back of the head, the

whole field of vision may be filled with an intense lig-ht. We
familiarl}' say that we " see stars." Moreox-er. the action of

mechanical pressure of moderate intensity upon a limited portion

of the retinal elements may produce disks of light (called phos-

phenes ) with darkly colored edges. Some observers have claimed

that very strenuous excitation of the apparatus for accommo-

dation occasioned in their eyes similar ])lienomena (*' ])hosphenes

of accommodation "). On making or l)reaking a weak electrical

current sent along the optic nerve the entire field of vision is

lighted up. And finally, the retina has a light of its own ( Eigen-

licht ) , for its nervous elements are rarely, if ever, inactive.

In contrast to this sensation of light produced artificially

is the natural ])roduction of the sensation of light when radiant

energy within the pro]jer limits of wave-length, of sufficient inten-

sity and of sufficient duration, falls upon the retina.

The present paper will be confined to a consideration of the

production of the sensation of light I)}' natural means, and more-

over, will have to do rather with the physical properties of radiat-

ing bodies than with the physiology and psychology of the

sensation proper.

It mav be well, liowever, l>efore proceeding to a discussion of

the physical production of radiant energy, to outline very briefiy
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the qualitative and quantitative effects produced when the retina

is subjected to energy of various wave-lengths and intensities.

The spectrum of an ordinary solid body, heated to incandes-

cence, is usually divided roughly into three parts,—the infra-red

or heat rays, the visible rays, and the ultra-violet or chemical rays.

Of the first, or infra-red rays, radiations of wave-length extending

down to 60 or 70^1 (/u.= 0.001 mm. ) have been .studied, whereas

the longest waves capable of producing the sensation of light

in the human eye are in the neighborhood of o.Sm. Between

these two limits the heat rays are absorbed to a great extent by

the media of the eye.^ But there is still transmitted to the retina

nine or ten jjer cent, of that incident on the outer surface of the

eye. The eye, therefore, is not sensitive to these rays.

Radiant energy between the limits of o.Sfj. on the red side to

a little less than o.4,u on the violet side produces the sensation

of light. With moderately intense sources the eye can perceive

rays of wave-length down to 0.38/^, but there is no sense of color

beyond 0.4^. If the eye were deprived of the crystalline lens,

vision would be extended a little further to about 0.34^. Be-

yond 0.38 or 0.4/x lies the ultra-violet spectrum, which has been

studied down to a lower limit of approximately o. i/^.

The proper admixture of all wave-lengths in the visible spec-

trum as also the proper admixture of three primary colors in the

visible spectrum will produce the integral effect of white light.

The question naturally arises " What are the relative intensities

of sensation produced b}- equal quantities of energy per second

in different parts of the visible spectrum? " Thus, will so many
watts of power in the violet end of the spectrum produce the

same intensity of sensation as the same number of watts in the

green ?

The answer to this question is gi\en in the sensibilitv curves

of the eye. Curve i. Fig. i. plotte<l from Koenig's data.- shows

the relative intensity of sensation in different parts of the visible

spectrum corresponding to a uniform distribution of energy

through the spectrum and when the absolute value of the eft'ective

illumination is (juite low. Tt will be noticed that the eye is most

sensitive to light of wave-lengths in the vicinity of /=o.5i^.
and least sensitive to energy lying near the limits of the visible

spectrum. If, therefore, we had at our disposal a given small

quantity of luminous energy that could Ik? radiated in waves of
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any length we should choose, we would obtain the greatest illu-

mination if the energy were radiated in rays of wave-length of

approximately 0.5 i/x. The color of the light would be green.

Now as the absolute intensity of the radiation increases, the

shape of the sensibility curve is changed, the wave-length of maxi-
mum sensibility shifting toward the red end of the spectrum.

This phenomenon was first discovered by Purkinje from whom
it has received its name.

In curve 2 is given the sensibility curve corresponding to

Fig. 1.
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equal energy in different parts of the spectrum, but when the

absolute intensity is relatively high. It is seen that the maximum
sensibility is no longer in the green at 0.51/^ but has shifted

to about 0.56^1 in the yellow green.

Curv'es I and 2, as stated above, are luminosity curves for

equal distribution of energy throughout the visible spectrum. No
source that we know of has such a uniform distribution, so that

the wave-length of the energy producing the maximum sensation

is usually shifted toward the red end of the spectrum, since in

most luminous sources there is a preponderance of energy in the

longer wave-lengths.

In Fig. 2 are .shown the luminosity curves at different abso-
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lute intensities of illumination for light from a triple gas burner.-^'

These curves are plotted so that the ordinates are in every case

equal to unity at wave-length /^^o.535At. In the upper right-

hand corner are given the absolute intensities of illumination

corresponding to yi= o.535/Ji. Tlie unit in terms of which the

values are expressed, is about o. i of a foot-candle. These,curves

show very strikingly the Purkinje phenomenon.

It is evident from tlie alxDve considerations that if a himinous

source is to ha\ e the highest efficiency not only should all of the
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energy dehvered to the source be emitted in the form oi radiant

energy of wave-lengths lying within the range of the visible si>ec-

trum, but it should be emitted in radiation of the wave-length

corresponding to the position of maximum luminosity in the

visible spectrum, wiiich for high intensity would lie in the neigh-

borhood of ^^0.56^. The color of such a source would be

yellowish-green. No white light source could be quite as effi-

cient, since in order to produce the white color soine of the energy

would have to be radiated in wave-lengths of lower luminosity.

The most efficient white liijht w<^ul(l ou\\ have an efficiencv of
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approximately 40 per cent, of the efficienc}' of monochromatic
hght of wave-length ^= 0.56^.

II. THE LAWS OF RADIATION.

Every body in nature radiates energy in one form or another.

There are, however, two kinds of radiation to be distinguished.

1. If a body does not undergo any change in its nature dur-

ing the process of radiation, it would continue to radiate in the

same way if, through the constant addition of heat, its tempera-

ture were held constant. This kind of radiation is commonly
known as pure temperature radiation.

2. If, on the other hand, the lx)dy undergoes change during

the process of radiation, it would not continue indefinitely to emit

this radiation even though the temperature w^ere held constant.

To this kind of radiation has been given the name of lumines-

cence. The cause of the radiation in this case is not to be found

in the temperature of the system but in some other source of

energy. Thus, for example, if the radiated energy is occasioned

by chemical changes, the resultant luminescence is known as

chemiluminescence. Phosphorescence is an example of photo-

luminescence. The light from Geissler tubes is frequently called

electroluminescence.

The present paper will be restricted to a discussion of pure

temperature radiation, since this is by far the commoner and

more important form met w'ith in most of our practical sources

of light.

Before proceeding, however, to a consideration of the radia-

tion from material substances, it may be well to review briefly

the various properties of the theoretical black body. Even though

the radiation may be due entirely to the temperature of the body,

the quantity and quality of the energy radiated by material

bodies at the same temperature, depend on the nature of the

bodies themselves. Only in the case of an absolutely black body

is the radiation simply a function of the temperature.

By a black body is meant a body that will neither reflect nor

transmit any of the energy incident on it. We say charcoal

and platinum oxide are black because they absorb most of the

energy of all wave-lengths in the visible spectrum. They are not

•.entirely black, however, because they reflect some energy in the

Visible spectrum, and even more in the infra-red spectrum. In
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order to he perfectly black ihey sliould absorb all the energy

incident upon them—not only in the ultra-violet and visible re-

gions of the spectrum, but also all of the energy of the infra-red

or heat spectrum.

As stated in Kirchhoff's law : A body which at a given tem-

perature absorbs energy of a given wave-length will at the same

temperature emit energy of that wave-length, and the ratio of the

absorption to the emission is a constant. Thus, if one of two

bodies absorbs twice as much red light as the other body, it will,

at the same temperature, emit twice as much. It is readily seen

from this that a theoretical black body which absorbs all of the

energy of all wave-lengths incident on it, must emit more energy

of every wave-length than any other body at the same tem-

perature.

As stated above, no body in nature is black or even approaches

very closely to blackness, but carrying out a suggestion of

KirchhofT, Lummer and Kurlbaum •* were able experimentally

to realize very closely the theoretical black body by the use of

a uniformly heated hollow enclosure with a small opening through

which the radiation passes. This form of black body has been

employed in the various experimental investigations of the laws

of black-body radiation.

The principal laws which have been derived from both theory

and experiment for the radiation from a black body are as

follows

:

StEFAN-BoI.TZM ANN Law :

E= K(T*-T\)

Wikn's Laws:

A„,7 = constant .4 /ma.rr-*= constant B
_ Ct

J = C,/.-'E AT

Planck's Law:

EXT -1

The first is what is known as the Stefan Roltzmann law which

states that the total energy radiated is proix^rtional to the fourth

power of the absolute temperature.
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Of Wien's three laws, the first one, known as the " Displace-

ment Law," states that the product of the wave-length of maxi-

mum energy times the absolute temperature is equal to a constant.

This constant for a black body is in the neighborhood of 2940°,

-SO that for an absolute temperature of 2940', the wave-length of

maximum energy would be i.OfJ-, or well beyond the red end of the

visible spectrum.

The second law^ which is deduced from a combination of

the Stefan Boltzmann and the Displacement Laws, gives the re-

lation between the temperature and the maximum emission in

the spectrum.

Thus, these two laws of Wien, taken together, give for a

definite temperature T the wave-length at which the maximum
energy is radiated and the intensity of radiation of that wave-
length.

Wien's third law^ undertakes to give the energy radiated in

any wave-length and at any temperature of a black body.

Planck's law^ is another statement of this relation between

energy, wave-length and temperature, w^hich perhaps has a better

theoretical foundation and which agrees l^etter with observed

facts—particularly in the region of longer wave-lengths. From
Planck's equation, knowing the constants C^ and Co w^iich have

been determined experimentally, it is possible to plot the energy

curve for any absolute temperature T. In Fig. 3 are given a

number of such curves corresponding to different temperatures.

It is immediately evident that as the temperature is raised, not

only is the energy of every wave-length increased, but also that

the increase is greatest for the shorter wave-lengths and relatively

less for the longer wave-lengths, so that the position of maximum
energy is shifted toward the shorter w^ave-lengths.

With this very brief summary of the properties and law^s of

the theoretical black body, let us consider for a moment in what

ways the pure temi:>erature radiation from a material substance

may differ from the radiation from a black body. As stated

above, the black body from its very definition, must at a given

temperature emit more energy of every w^ave-length than any

other body at the same temperature. Consequently, a material

body may differ from a black body in that it emits at a given tem-

perature one-half or one-third or one-fourth of the energy of

every wave-length of that emitted by the black body at the same
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temperature. I'lie ener<^v curve of sucli a body would be identical

with that of a black body with the exception that its ordinates

w^ould be reduced proportionally throughout the entire spec-

trum. Such a l)ody is sometimes known as a gray body. It

can be reali/ced experimentally l)v interposing between the

Energy distribution in black-body radiation.

above described experimental Ijlack body and the screen

on which the radiation falls a rotating sectored disk of various

apertures. Thus, if the total aperture of the disk were i8o^. it

would reduce by one-half the energy of every wave-length emitted

by the black body. If the aperture were 90^, it would transmit

•one-fourth the energy of the black body. In both causes, the radia-

tion would be that of a gray body, that is, the same in quality but
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less in quantity than that of a black body at the same temi^erature.

It is evident that there can l^e an infinite number of gray 1x)dies

corresponding to a given black body at any given temperature.

But a material body can differ from a black body in still

another way. Not only may the quantity of energy emitted be

different from that of a black body but the quality may also be

different. Thus, if a body emitted one-fourth as much red and

one-third as much green and one-half as much blue as a black

body at the same temperature, it would not correspond to a gray

body, but would radiate in a way which we will define as selective;

that is, it would radiate relatively more energy in one wave-

length than in another compared with a black body at the same

temperature. This type of selectivity is to be distinguished, at

least in degree, from that kind of selective radiation exhibited

in the bright line spectra of luminous gases. Now% the question

which immediately presents itself on considering the radiation

from the various types of incandescent filaments and mantles is

this: " Ls the high efikiency of the metal filament lamps and the

rare earth mantles to be ascribed to a higher working temperature

of the luminous substance or to a selectivity in its radiation, such

that at a relativelv low temperature a preponderance of energy

is emitted in the visible spectrum as compared with the radiation

from a black body at the same temperature?
"

High efficiency is to be obtained by one of three possible ways

or by a combination of these. If the radiation is what has been

defined as luminescence, the radiated energy might lie principally

in the visible spectrum. If this were the case, as is probable in

the radiation from the firefly, the efficiency would be very high.

As stated previously, however, a discussion of this type of radia-

tion will not be undertaken in the present paper.

Secondly, the high efficiency might be obtained by an exces-

sively high temperature. In a previous diagram (Fig. 3), the

energy curves for a black body at various temperatures were

given. In every case, the maximum lay well out beyond the

\isible spectrum. According to Wien's Displacement Law
^ max T = a constant, where the constant has a x-alue of 2940
for a black body. It is evident, therefore, that in order to bring

the wave-length of maximum energy into that part of tlie visible

spectrum where the eye has the maximum sensibility, namely,

about /(= 0.56/1, the absolute temperature of the black body must
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be 2940 divided by 0.36, or approximately 5200'. Tbe tem-

perature, therefore, at which a black l>ody would be most efficient

is in the neighborhood of 5000'' or 6000 C The energy curve

for such a l)lack ])()dy is sJKnvii m h'ii;;-. 4. This temperature

agrees quite closely with the estimated temperature of the sun.

It is interesting to note in this connection that the wave-
length of the niaxinium sensibility in the human eye agrees very

Fig. 4.
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closelv with the wa\e-lenglh of maximum energy in the si>ectrum

of the sun.

nA The third way in wliicli high efficiency may he obtained is

' through selective radiation in favor of short wave-lengths. If

the ratio of the energy cmiitetl in the visible spectrum to that

emitted in the infra-reel spectrum were twice as great for a given

substance at a detinite lempcratm-e as for a black body at the

same temperature, the substance would have double the efficiency

of the black bodv as a luminous radiator, provided the distribution

of energy in the \ isihle spectrum of the two were the same.

P>efore discussing the methods available for determining
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whether the high efficiency of metal filament lamps is due to the

high temperature at which the filaments operate or to a pro-

noimced selectivity in the radiation of the filaments, it is inter-

esting to note how low the efficiency of even the most efficient

light sources is. The ratio of the energy in the visible spectrum

to the total energ}^ radiated probably is less than 0.2 even for

one of the most efficient lamps we know of, viz., the flaming

[

arc. For incandescent lamps the percentage of energy available

for light is still less. In other words perhaps less than 5 per cent,

of the energy which is put into a tungsten lamp is radiated in

the form of light rays. The other 95 j^er cent, is radiated in the

form of heat rays, of wave-lengths too long to excite the human
retina.

In order to show, however, how rapidly the photometric effi-

ciency would increase with comparatively small increases in tem-

perature, in Table I is given the relation between temperature

and candlepower of polished platinum at various temperatures

as given bv Lummer & Kurlbaum. It is thus seen that at a tem,-

TABLE I.

Coefficient of change of candlepower with change of temperature for
platinum.

= (^y

T (absolute) X
1

T (absolute.) X

900 30 1400 18
1000 25 1600 15
1 100 21 1900 14
I 200 19

perature of 1900^ ( abs. ) or a little below the approximate work-

ing temperature of a 3.1 watt carbon lamp, the photometric inten-

sity increases a])pr().\imately fourteen times as rapidly as the

temperature. Thus, a change in temperature of i per cent,

would cause an increase in candlepower of 14 or 15 per cent.

Since for a i per cent, change in temperature a change of al)out

5 per cent, in energy would be required, the increase in efficiency

corresponding to an increase of i per cent, in tem])erature would

be in tiie neighborhood of 9 per cent, or 10 ])er cent, at 1900 ' C.
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At lower temperalures the gain in efficiency would be greater,,

and at higher temperatures less than that given for 1900^ C.

JII. METHODS OF STUDYING SELECTIVITY.

About two years ago while at the Bureau of Standards the

author developed two photometric methods for giving a positive

qualitative criterion as to the relative selectivity of two radiating

substances, and applied these methods to a preliminary study of

the various incandescent electric lamps then in use. Owing to

the enforced interruption of the work consequent upon leaving

the Bureau of Standards the investigation was not completerL

Most of the essential features of the methods and the preliminary

results obtained, however, were described before the American

Physical Society,"' and later presented before the Illuminating

Engineering Society.'' To the best of the author's knowledge

the application of the aljove methods to the various carbon,

tantalum, tungsten and osmium lamps gave the first definite data

as to the relative selectivity of these various filaments.

In the jjresent paper these new photometric methods will be

discussed in more detail than has been published heretofore, and

in addition further experimental data will be presented, particu-

larly with reference to the black body and platinum as studied

by the same metliods as those used with the other radiating

substances.

The direct experimental determination of the relation between

tlie energy radiated in different parts of the spectrum and the

tem])erature of the radiating Ijody has only been undertaken for a

few substances and over a moderate range of temperature. But

by assuming for su1)stances whose radiation curves have not been

determined laws and relations which have been found to hold for

known sources, much \alual)]e data lias been obtained.

It is now common practice to express high temperatvu'es in

terms of the tem])erature which a black body would have when
emitting. i)er unit area of surface, the same (|uantity of energy

of a given wa\e-leugth as the radiating body under investigation

the wave-length employed being taken in the visible spectrum l)e-|

cause of the facilit\- with which comparisons of lumiuc^us energy

can be made photometrically. These so-called bla-ck-lx^dy teni-1

l)eratures are alwa\"s lower than the true temperatures of the

glowing bodies that are being measured, for the reason that a
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black body has a higher emissivity than any other body at the

same temperature. Except in the case of those substances for

which a direct experimental determination of the relation be-

tween the temperature and the energy radiated in different parts

of the spectrum has been made, the difference between the black-

body temperature and the true temperature can only be estimated

on the assumption of empirical relations which have been found

to hold for substances having somewhat similar properties.

A method which has recently been employed ''' to determine

whether or not the radiation from metals is selective in the sense

outlined in a previous paragraph, consists in determining pyro-

metrically the black body temperature using approximately mono-

chromatic radiation in the red, green and blue regions of the

spectrum. If the black-body temperature determined by means

of the green radiation is higher than the black-body temperature

found ])}- means of the red light, and the " blue black-body tem-

perature "
is in turn higher than the " green black-body tem-

perature." it has been argued that the body emits relatively more

green than red light, and relatively more blue than green and

therefore radiates selectively in favor of the light of shorter wave-

lengths. ]\Ioreover, this property of selection, or " selectivity
"

as it may be termed, will in all probability extend beyond the

visible spectrum so that the energy emitted in the \-isible spectrum

will be relati\ely larger than that emitted in the infra-red spec-

trum, as compared \\ith the radiation from a black jjody at the

same temperature.

This method, which is indicati\e and tlierefore \alualjle in the

absence of an}' more exact simple method, is however of limited

application, and even within its limited field is subject -to criti-

cism. Since the energv in the visible spectrum at all ordinary-

temperatures is almost negligibl}' small compared with the total

energy radiated, measurements confined entirely to the visible

spectrum, such as the ratio of the energy emitted in the red to

that emitted in the blue, cannot l)e trusted to gi^e any quantitative

results as to the ratio of the total energv emitted in the visible

spectrum to that emitted throughout the entire spectrum. The
qualitative conclusion that if relati\ely more energy is emitted

in the blue than in the red, relatively more energy will be emitted

in the visible than in the infra-red region of the s])ectrum. is

probably correct for most radiating metals, althongh it is not
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necessarily so; but any quanlilalive extrapolation from measure-

ments in the visible spectrum to conclusions embracing the total

radiant energy would scarcely seem justifiable.

Vol. CLXIX, No. 1014-26



454 Edw. p. Hyde.

Apart from this quantitative limitation to the method it is

open to criticism as to the quaHtative indication which it gives.

It does not necessarily follow that a difference between the red

and blue black-body temperatures of a radiating body indicates

selectivity in the sense employed in this paper. For a radiating

gray body, i.e., one which at a given temperature has the same

distribution of energy in the spectrum as a black body at the

same temperature but which has a lower emissivity than the

black body, the blue black-body temperature would be higher

than the red black-body temperature and yet there would be no

selectivity.

This can be seen very readily if the ordinary definition of

black-body temperature is kept in mind. The red black-body

temperature of the gray body is that temperature of the black

body at which its emission in the red per unit area of surface,

equals that from the gray body at the given temperature. But

since the emissivity of the gray body is lower than that of the

black body, the red black-body temperature is lower than the true

temperature of the gray body. Assuming the emissivity of the

gray body to be one-half that of the black body at the same

temperature, the latter has to be lowered in temperature until it

emits one-half the amount of energy in the red that it emitted at

the same true temperature as the gray body. But when the

temperature is lowered until the red energy is decreased to one-

half, the blue energv is decreased to less than one-half, since a

change in temperature produces a change in the shape of the

energy curve. Hence, in order that the black body may emit the

same amount of energy in the blue as the gray body, i.e., one-

lialf the amount, it would emit at the same true temperature as

the gray body, its temperature must be increased somewhat above

the red black-body temperature. It is, therefore, evident in this

case, that even for a gray body, which by definition is not selec-

tive, the blue black-body temperature is higher than the red

black-bodv temperature.

Without some knowledge, therefore, of the emissivity of the

radiating body under investigation, it is impossible to draw any

definite conclusion from the red, green and blue black-body tem-

peratures in regard to the selectivity of the radiating body, even

in the visible spectrum. As an illustration of these principles, the
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radiation of platinum may serve as an example, since platinum

is one of the few substances whose radiating properties are

known. According to Waidner and Burgess when the true tem-

])erature of platinum is 1700'^ C, the red, green and blue black-

Ixjdy temperatures are respectively 1505''^, 1545^, i575°-

In Fig. 5 curve A is the curve of the black body at 1700"^ C.

computed from the Planck equation. Curves B, C and D are

similarly the computed curves of the black body at 1505', 1545°,

and 1575° C, respectively. Curve E is the observed curve for

platinum at 1700° and curve F is the computed curve of that

gray lx)dy at 1700° which emits the same amount of energy at

/ = 0.66^1 as platinum at the same temperature.

A comparison of curves B and F shows at once that the

blue black-body temperature of the gray body would be consider-

ably higher than the red black-body temperature, the actual differ-

ence l)eing about 51^ C. In other words, of the 70^ C. differ-

ence between the red and blue black-body temperatures of the

platinum, about 51° C, or nearly three-fourths of the difference

is due merely to the low emissivity of the platinum, only the

remaining 19° C. being due to selectivity. If the blue black-body

temperature had been found to be 1556^ instead of 1575'. the

red black-body temperature still being 1505°, the difference would

have been accounted for entirely on the ground of the low emis-

sivity of platinum, and there would have been no indication

of selectivity. Any conclusion, therefore, in regard to selectivity

of radiation deduced solely from the red, green and blue black-

body tem])eratures of the radiating substance without any knowl-

edge of the emissivity of the body, would seem unwarranted.

Another method which has been employed to indicate selec-

tivity of radiation consists in determining the infra-red energy-

curve of the substance without any regard to the temperature.

Assuming that the laws found for the black body are applicable

to other radiating substances, particularly metals, if the values

of the constants in the equations are changed, it is possible to com-

pute from the energy curve at any unknown temperature the

value of the exponent a which occurs in the Planck equation

/= -cl
Eat —I
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This method, which was first developed and used by Paschen *

in studying- platinum has quite recently been employed by Cob-

lentz '•* in the study of various carbon and metal filament lamps.

For a black body = 5, and for platinum it has been found to lie

in the neighborhood of 6 or 6.5. The larger the value of a the

greater the deviation in this regard from a black body as regards

selectivity in favor of shorter wa\e-lengths. According to the

results obtained by Coblentz the various filaments arrange them-

selves as to increasing values of a in the same general order of

selectiveness as has been found by the author by the application

of the photometric methods to be descriljed in the following-

paragraphs.

In regard to tliis method, it should be said in passing, as has

been clearly stated by Coblentz, that the method rests upon the

distinct assumption that the radiation from metals can be repre-

sented by the same equations as apply to a black body, if the

values of the constants are changed to suit each different sub-

stance. The very fact that different values of a are found at

different temperatures shows that the assumption is not entirely

w-arranted, at least as expressing the energy distribution with

varying temperature. However, the method is very valuable in

giving a first approximation of the deviation from black-body

radiation, and the results obtained by Coblentz in the application

of it, are most interesting.

In addition to the above two methods for determining- selec-

tivity mention should be made, before passing on to a discussion

of the tW'O new- photometric methods, of the indications given by

the relative reflectivity in different portions of the spectrum. -^"^

For those metals which have been examined it has been found

generally that the reflection coefficient is higher for the longer

infra-red waves, and relatively lower for the shorter visible rays,

indicating on the basis of Kirchhoff's law^ a probable selectivity

of emission in favor of the shorter wave-lengths.

IV. TWO NEW PHOTOMETRIC METHODS OF STUDYING SELECTIVITY.

In studying" the photometric properties of some of the new
high efficiency lamps a new method of attacking the problem of

determining whether or not the radiation from certain glowing

solids is selective, was suggested and tried.

The experiments led to the development of two methods of
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determining^ with some degree of certainty whether a body is

ra(hating selectively. One of the methods may be used even to

approximate quantitatively the dexiation from black-body radia-

tion as regards the form of tlie energy curve, and may also be

employed to indicate an u])per limit to the true temperature of the

radiating body, just as tlie i)resent common method of measuring

the black-body temperature fixes a lower limit to the true tem-

perature. Before describing these methods, however, and giving

the results of some of the experiments made thus far, it would

seem desiral)le to define a little more exactly than has already

been done some of the ideas and terms which will be employed.

As we ]ia\'e seen, there are twr) distinct ways in which the

radiation from two different solid Ijodies. having continuous

spectra, ma}- differ wlien the bodies are at the same true tem-

perature.

1. The (listril)ntion of the energy throughout the spectrum

may be the same in the two cases, but the total amounts of energy

radiated ma}' be different, i.e., the form of the energy curves

may be the same but the heights of the ordinates may be different,

the ratio of the ordinate of one curve to that of the other being

a constant factor of proportionality for all wave-lengths.

2. Not only may the total energy radiated l3e different but the

distrilmtion of the energy in the spectra may not be the same

for the two substances. Thus if we express the radiation from

the two bodies at the same temperature by the equations /j = C^

/j
(X) and J,^C., f., U) tlie two fumctions

/^
(x) and /,(i) may

be identical while the constant coefficients Ci and Co may differ.

On the other hand, not only may the constant coefficients, i.e.,

the emissivities, be different but the forms of the functions may
vary also.

In the following discussion we shall adopt the theoretical

black body as the standard. Its radiation at any temperature

may be expressed l)v the e(|uation .f„= C\, /"'„(/l). A body which

at the same temperature has the same form of radiation cur\'e as

the black body, but which radiates less energy in every jwrtion

of the spectrum, will be termed a " gray body." Its radiation

may be expressed by the eciuation /„'--C,/ /„ U}. This is the

ordinarily accepted definition of a gray body. It is evident from

the definition that corresponding to a black body at any tempera-
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ture there may be theoretically an infinite number of gray bodies,

differing only in the constant coefficient Cq^.

Since the " emissive power " or " emissivity " of a radiating

body is usually defined as the total energy radiated outwards per

unit area of surface, it is evident that for gray bodies the emissivi-

ties are proportional to the coefficients Cq^.

There are no perfectly black bodies in nature and, so far as

I know, none of the materials that have been examined, either

directly or indirectly, up to the present time, have been found

to have the properties of a theoretical gray body. That is, the

emissivity of all substances is lower than that of the black body
at the same temperature, and no substance has been found as yet

which has the same function
f^ {X) giving the same distribution

of energy in the spectrum as the black body. We shall define

as "selective" in their radiation all bodies for which / (A) is

different from that of the black bod}- / (/) at the same tem-

perature. As stated above, all substances that have been investi-

gated so far are more or less selective in their radiation. A
gray body does not radiate selectively.

We seek, first, a positive criterion of selectivity; that is, put-

ting aside for the present the question as to what extent high

efficiency is to be attributed to the high temperature at which

the filament is operated, and to what extent to the selectivity of

its radiation, we want to know, first, whether there is any simple

method of determining positively that the radiation from one body

is qualitatively dift'erent from the radiation of another body at

the same temperature.

In order to understand one of the methods which have recently

been employed to determine selectivity, let us suppose that there

are two radiating bodies at the same temperature, one of them
black, the other gray. According to the definition of a gray body
which has been given, the quality of the energy radiated is identi-

cal with that from the black body at the same temperature, but

the emissivity is less than that of the black body. The shape of

the energy curves of these two bodies, therefore, at the same
temperature, would be identical, and if there were no means of

determining the absolute intensity of the radiation, it would be

impossible to distinguish them by any method which would give

only the relative distribution in different parts of the spectrum,

for if the black body had twice as much energy in the red as it



Physical PkoductioiV of Light. 459

had in the blue or three times as much energy in some particular

wave-length of the infra-red as it had in some particular wave-
length in the visible spectrum so would the gray body show the

same proportions of energy in different parts of the spectrum.

In other words, if the energy curves were plotted to the proper

scales the two curves would be co-incident throughout the entire

spectrum.

If now the temperature of one of the todies was changed

slightly, this condition would no longer exist, for the shape of

the curves would be different. Conversely, given the black body

at a definite temperature, if the temperature of the gray body is

varied until the distribution of energy in the spectrum of the

gray body is identical with the distribution of energy in the spec-

trum of the black body, the temperature of the gray body would

then be identical with that of the black body.

Now it is possible l)y means of a spectrophotometer to bring

the two energy curves into agreement. Thus one would deter-

mine with the spectrophotometer the distribution of energy in the

visil)le spectrum of the black body at some definite temperature.

The temperature of the gray body would then be \aried until

the distribution of energv in its ^•isible spectrum is identical with

that of the black body. If the two curves agree in the visible

spectrum, they must agree throughout the entire spectrum, and

the two bodies must be at the same temperature. If the curves

agree throughout the entire spectrum the ratio of the energy in

the visible region of the spectrum to the total energv radiated

must be the same in the two cases even though the absolute

intensitv of the radiation, is less for the gray body than for the

l)lack l)ody.

Suppose now that these two I)odies,—the l)lack body and the

gray body,—were in the forms of filaments mounted in exhausted

bulbs, and, that keeping constant the voltage of one lamp which

we will .say contains the l)lack filament, we vary the voltage of the

other lamp (supposedlv containing the gray filament") until as

determined spectro])hotometrically. the distribution of the energy

in the visible spectra of the two is the same. Then, as pointed

out just alx)ve. the ratio of the energy in the \isible spectrum to

the total energv radiated, should l>e the same in the twc^ cases.

Now, it is verv easv to compare the energy radiated in the

visible spectrum by determining the total luminous flux of the
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two sources. There will be no physiological complications be-

cause, by hypothesis, the distribution of energy in the visible spec-

trum is the same in the two cases. Moreover, it is very easy to

determine with moderate accuracy the total energy radiated

by merel}- measuring the energy supplied to the lamps. Since the

filaments are mounted in exhausted bulbs there will be no corivec-

tion; and since, as ordinarily mounted, there is very little conduc-

tion of energy away by the leading-in and anchor wires, it follows

that practically all of the energy supplied to the lamp is given

up by the lamp in the form of radiant energy. ^^ If then one of

the filaments has the characteristics of a black body and the other

filament has the characteristics of a gray body at the same tem-

perature, the ratio of the energy in the visible spectrum 'total

luminous fiux) to the total energy radiated (energy supplied

to the lamp) should be the same in the two cases; that is, the tw^o

lamps should have the same lumens per watt. It must follow,

therefore, that if a filament of unknown radiating properties

is regulated in voltage until it shows the same relative distribution

of energy in the visible spectrum as a second filament which has

the characteristics of a black body, and if under these conditions

the lumens per watt of the two lamps are the same, we may
conclude with reasonable certainty that the filament with unknown
radiating properties has the characteristics of a black or a gray

body,—we cannot tell which. Conversely, if under this condition

of equivalent distribution in the visible spectrum, the lumens

per watt of the two filaments are different, it must follow that

the filament of unknown radiating properties does not have the

characteristics of a gray or black body. It must, therefore, be

selective.

So far no means have been adduced of determining how
selective a Ijody is, because the moment a difference in the shapes

of the total energy curves is encountered, it can no long'er be

argued that when the curves agree in the visible spectrum the

two bodies are at the same temperature, and unless there is

definite knowledge in regard to the relative temperatures of the

two bodies it is impossible to draw quantitative conclusions as to

the amount of the selectivity of the selectively radiating lamp.

The above method, therefore, gives a positive qualitative

criterion for studying the relative selectivity of materials that

can be mounted in the form of filaments in exhausted bulbs.
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But there is another photometric method of estabHshing a

criterion of selectivity; in fact, this second method is the one

whicli was first used, in the early part of the investigation. Let

us go back to the original supposition of two radiating Ixjdies,

one black and the other gray. As stated before, when these two

bodies are at the same true temperature, their energy curves will

be identical except for the absolute height of the ordinates, and

the ratio of the energy in the visible spectrum to the total energy

radiated will be the same in the two cases.

Suppose now. the temperature of each body is raised the same

amount so that they are again at the same temperature,- the tem-

perature however being higher than in the previous case. The
shapes of the two energy curves should again be exactly identical,

and therefore, the ratio of the energy in the visible spectrum to

the total energy radiated should be the same. This ratio, how-

ever, will be greater than it was when the two bodies were at a

lower temperature.

wSince the ratio of energv in the visible spectrum to the

total energy radiated is the same for the black and the gray bodies

at the low temperature and is the same.—though higher than

before.—for tlie black and the gray bodies at the higher tempera-

ture, it must follow tliat the increase in the ratio of the visible

energv to the total energy corresponding to a given increase in

temperature must l)e the same for the two bodies.

Suppose now. as before, that the l)lack and the gray bodies

are represented by filaments mounted in exhausted bulbs, and that

holding the voltage of the black filament constant we vary the

voltage of the gray filament until, as determined spectrophoto-

melrically, the two lamps have the same spectral distribution in

the visible spectrum. The two bodies will then probably be at

the same true temperature; their energy curves will be identical

throughout ; and the lumen per watt for the two will be the same.

Suppose now that the temperature of the black filament is

raised by increasing the applied voltage, and that again the volt-

age of the gray filament is varied until its energy curve in the

visible spectrum agrees with that of the black filament. The two

filaments will then he at the same temj^erature. higher, however,

than before; their energy curves Avill be identical throughout the

entire spectrum ; and the lumens per watt will be exactly the same.

The value of the lumens per watt, however, will be higher, that is.
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the efficiency will be higher than it was when the two filaments

were at the lower temperatures, but since the lumens per watt

for the two filaments were the same at the lower temperature and

are the same at the higher temperature, it follows that the change

in luniens per watt for the gray filament must be the same as the

change for the black filament. Suppose, therefore, we had a

filament with unknown characteristics and compared it with a fila-

ment having the characteristics of a black body. Thus, suppose

we brought the two filaments spectrophotometrically to the same

distribution of energy in the visible spectrum and measured the

lumens per watt, and then raising the temperature of the black

filament, again brought them to the same distribution of energy

in the visible spectrum. If we found the change in lumens per

watt for the two filaments to be the same, we would conclude that

the filament with unknown radiating properties was a gray or a

black body.

However, this method, as explained thus far, involves all the

measurements of the first method and is really identical with it;

but this second method permits of very considerable simplification.

It is not necessary to bring the body with unknown radiating

properties to the same distribution of energy in the visible spec-

trum as the black body at more than one temperature. For if

the two bodies had the same distribution of energy in the visible

spectrum, and the total energy radiated, that is, the total energy

supplied to the two filaments, was increased by the same amount,

the filament of unknown radiating properties, if either gray or

black, would show the same change in lumens per watt, i.e., the

same percentage change in total flux, or mean spherical candle-

power, as the black body, whether or not an investigation was

made to see that the distribution of energy in the visible spectra

of the two was the same at the higher temperature. As a matter

of fact, it would be the same. But if the filament with unknown
radiating properties were not gray or black, the change in mean
spherical candlepower corresponding to a definite change in

energy supplied to the filament would not be the same in the two

cases. And, conversely, if on measurement it was found not

to be the same, one might conclude with assurance, that the body

with unknown radiating properties radiates selectively.

It is unnecessary, however, to measure the mean spherical
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candlepower, a candlepower determination in one direction being

sufificient. We are only interested in the change in candlepower

corresponding to a definite change in energy supplied, and the

change in candlepower in any one direction will l>e proportional

to the change in the mean spherical candlepower. Thus, suppose

two filaments are brought to the same distribution of energy^ in

the visible spectrum and a determination is made for each filament

of the percentage change in candlepower in some one direction

corresponding to a change of i per cent, in the watts supplied

to the lamp. If it is found that the percentage change of candle-

power is the same in the two cases, it may be concluded that the

filament with unknown radiating properties has the characteristics

of a gray or black body. If the change in candlepower corre-

sponding to I per cent, change in energy is different for the

two filaments it may be concluded positively that the filament

with unknown radiating properties radiates selectively.

This coefficient of change in candlepower corresjwnding to i

per cent, change in watts has very frequently been determined for

filaments of different materials, but a comparison of the resultant

coefficients when the two filaments have the same distribution of

energy in the visible spectrum, and the deduction from the results

as to the selectivitv indicated 1)y a comparison of the coefficients

under this condition have never been made. This, then, con-

stitutes a second qualitative method of determining positively

whether or not one filament radiates selective!}- as compared with

the radiation from a second filament.

In both methods tlie starting point has consisted in l)ringing

the two filaments to the same distribution of energ_\- in the visible

spectrum by means of speetrophotometric measurements. The
same result can be accompli.shcd. however, in a very much simpler

manner. The eve is ^•er^• sensitive to slight dift'erences in tint.

If, therefore, a lamp is 1)urned at a definite \oltage on one side of a

Lummer-Brodhun contrast photometer screen, antl the voltage of

a second lamp placed on the other side of the screen is varied, one

can determine with considerable accuracy when the second lamp

has the same ilistribution of energy in the visible spectrum as the

first lani]) 1)\ \arying the voltage until tlie two sides of the

photometer screen appear to have the same tint: In fact, this

method of bringing the two lamps to the same distribution of
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energy in the visible spectrum is perhaps more sensitive than the

spectrophotometric method, and yields results in close agreement

with the latter so far as our measurements indicate. It is conceiv-

able, of course, that two lamps might have the same color, and yet

show different spectral distributions. Such a case has not yet

been observed. On the other hand it has been found that in cer-

tain cases, e.g., with the osmium vs. the carbon lamp, it is

impossible to obtain exact color matches, although the spectro-

photometric curves ditler by an amount so small that the differ-

ence might well be ascribed to observational error. It is quite

probable that if any two substances, when brought to approxi-

mately the same distribution of energy in the visible spectrum,

show evidences of different energy distribution in the infra-red,

there are slight differences also in the visible region. These

differences, however, are so small for the substances examined,

that in no case was such a difference distinctly evident from the

spectrophotometric measurements, and only in the case of osmium

was the difference in integral color sufficiently pronounced to

be noticeable.

It is Cjuite a simple matter, therefore, to compare the relative

selectivity of two lamp filaments by either of the two methods

given above. Thus, subjecting one filament to some definite

voltage, we determine the voltage of the other filament at which

its light matches in color that from the first filament. Then,

according to the first method, we measure the total luminous flux

and the watts supplied to each lamp, and com])ute the lumens per

watt. If the two values are the same, the lamps are relatively

not selective. If all the lamps are measured in terms of some one

carbon lamp as a standard, their relative selectiveness can be de-

termined. Carbon is chosen as the standard because it probably

approaches most nearly of all to a black body.

The final step would then be to compare this standard carbon

lamp directly against a black body. In this way the results are

expressed in terms of a standard which can be reproduced with

moderate accuracy. ]\Ioreover, whatever relative selectivity be-

tween different material substances may be found, it is only when

the results are expressed in terms of a black body that any positive

knowledge as to absolute selectivity is obtained. Although up

to the present time it has not been feasible to measure the lumens
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per watt frcjiii a black body, several determinations have been

made of the change in candlepower of a black body for i per cent,

change in total energy radiated when the black bod\' was at a color

matcli with the various filaments. A more detailed statement of

the method employed in tlie use of the black body will l)e given

below.

In addition to tlic black bod}-, platinum was also studied since

it has been customary in the literature of radiation to refer other

substances to these two as standards, platinum usually being

considered as departing farthest from true black body radiation

of all metals studied.

V. PROCEDURE AND RESULTS ON VARIOUS METALS AND CARBON.

We desired to compare the radiating- properties of the fila-

ments at different temperatures, but in order to avoid at the

beginning of the in\estigation any direct temperature measure-

ments, we selected as our arbitrary temperatures those tempera-

tures which a particular carbon filament had at 3 definite voltages

over a considerable range of xoltage. Thus, we compared the

radiating- properties of the various filaments when they were at

a color match with the standard lamp at 75 volts; again, when

they were at a color match with the standard lamp at 100 volts;

again, when the\- were at a color niatch with the standard lamp

at 125 volts, h'inally, it was the intention to n-iake a comparison,

if possible, when they were at a color match with the standard

lamp at 150 volts but these measurements have not Ijeen completed

as yet. The standard lamp was a treated carbon filament of

about 3.5 watts per candle at no volts.

The method, therefore, was to determine for each lamp the

voltage at which it matched in color the standard lamp at y^
volts. 100 volts and 125 volts successively, then burning these

lamps at the determined voltages to measure the coefficient of

change in candlepower corresponding to i per cent, change in

watts, and to measure the lumens per watt for each lamp. The
results are given in Tables II to IV, and include measurements

on lamps of untreated, flashed and metallized carbon, tantalum,

tungsten, osmium, platinum and " helion " filaments, and also on

the electrically heated black body. The tyjx^s of Limps used were

as follc^ws

:
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4 Untreated carbon lamps 16 cp., no volts, 4 w.p.c.

3 Flashed carbon lamps 16 cp., no volts, 3.5 w.p.c.

4 Metallized carbon lamps 20 cp., no volts, 2.5 w.p.c.

4 Tantalum lamps 20 cp., no volts, 2.0 w.p.c.

2 Tungsten lamps 48 cp., no volts, 1.25 w.p.c.

1 Tungsten lamp 32 cp., no volts, 1.25 w.p.c.

2 Osmium lamps ;i2 cp., 55 volts, 1.50 w.p.c.

3 " Helion '' lamps (odd voltages and candle
powers)

A number of special platinum lamps of odd voltages and candle-
powers.

The osmium lamps were obtained through the courtesy of

Mr. Mason, of the Welsbach Company. The " Hehon " lamps

were kindly furnished by Messrs. Parker and Clark, the inventors.

The platinum lamps were obtained from different sources but

contained filaments in every case of Heraeus cp. platinum wire.

The first two lamps measured while at the Bureau of Standards

were kindly furnished by Mr. J. W. Howell of the General

Electric Co. Subsequently a number of lamps of special forms

have been made through the courtesy of Messrs. J. E. Randall and

H. F. Schaedel. of the National Electric Lamp Association.

Other special lamps are being constructed in order that further

measurements may be made, including, it is hoped, data on lumens

per watt as well as on the coefficient of change of candlepower

with change of energy.

The black body measurements were made possible through

the courtesv of Drs. Waidner, Burgess and Coblentz, of the Bu-

reau of Standards, who placed two different electrically heated

black bodies ^- at the disposal of the author and very kindly

undertook personallv to make the necessary temperature

measurements.

(To be continued.)
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[This paper is an endeavor to develop by brief elementary methods
the niatheinatics and physics of the gyroscope, and their application to

Brennan's Mono-rail Car. The writer is of the opinion that anyone who
is familiar with elementary mechanics will be able to understand this

paper and use the equations in practical design. The relations developed
are so simple and the proof so plain that it is hoped that they will assist

in perfecting the design of various sorts of balancing devices by revealing
clearly the secret of the mechanical principles involved in them. Outline

:

(i) Account of trials of Brennan car. (2) Analogy of centrifugal and
gyroscopic action. (3) Equilibrium of the car under unbalanced loads. (4)
E((uilibrium of the car running on a curve. (5) Limits of stability of the
car. (6) Nutation during the establishment of equilibrium.]

Early in 1907, Loni.s Brennan. tlie inventor of the Brennan

torpedo, exhibited before the Royal Society of England a work-

ing-model of a mono-rail car which was able to preserve its

erjuilibrinm perfectly while in motion or at rest, while travelling

aronnd sharp curves, while running on a swinging cable, or sub-

jected to sudden shifting of load from side to side. The appa-

ratus by which automatic balance is preserved in this remarkable

manner consists of a pair of heavy tly-wheels mounted on the car

which rotate at high speed in opposite directions about axes

* Since the time when Foucault, in 1852. applied the gyroscope to demon-
strate ocularly the rotation of the earth on its axis and the precessional

motion of the latter, various efforts have been made to utilize gyroscopic

action for practical purposes. The first, and until within recent years, the

only attempt in this direction of which there is any authentic record, is

that of Prof. Piazzi Smyth who, in 1856, devised a telescope stand pro-

vided with a gyroscopic apparatus calculated to maintain it level while

supported on the constantly changing plane of the deck of a vessel at

sea. The apparatus was tested by Prof. Smyth on board a naval vessel in

the course of a sea voyage and. according to authoritative reports of the

experiment, was found to serve its purpose. It appears, however, that the

mechanism w-as too complicated for regular use. About 1897. an .\ustrian

engineer. M. Obry. applied the principle of the g\Toscope. namely the ten-

dency of the fast-revolving wheel to maintain its given direction in space,

for the purpose of automatically steering a torpedo. His invention was
subsequently perfected and successfully applied by the Whitehead Torpedo

467



468 Henry T. Eddy.

transverse to the car. The gyroscopic effect of these rotating

wheels prevents the car from topphng over, somewhat as a top

is prevented from falHng while spinning.

On November 11, 1909, a further demonstration was given

with a full-sized car in the War Office grounds of Great Britain,

at Chatham, England. Accounts state that the car which was
there operated with entire success was 40 feet long, 10 feet

wide and 13 feet high, and weighed 22 tons. The car ran on a

single rail around a circular track 220 yards in circumference

at a speed of 25 miles an hour, carrying a load of 40 passengers

on its platform where they had entire freedom of movement.

The balance was automatically preserved by the action of two

gyroscopes 3 3^ feet in diameter, weighing .)4 of a ton each, and

revolving at the rate of 3000 revolutions per minute. The gyro-

scopes run in a ^•acuum to reduce friction. A gasolene engine

was used to propel the car and keep up the speed of the

gyroscopes.

It is reported that a German mono-rail car is soon to be

exhibited embodying the same principle, of which the motive

power will be electrical. Indeed, synchronous motors would

apparently furnish an ideal means of keeping the two gyroscopes

in step with each other, and the trolley would be a natural means

of propulsion for such a car.

Models to illustrate the working of the Brennan car con-

structed in this country from the designs of Professors Crew and

Tatnall, Northwestern University, are accessible to the public,

Co. In 1904, Herr Otto Schlick brought out before the British Institute of

Naval Architects a gyroscopic mechanism which was subsequent!}- devel-

oped into an apparatus to prevent the rolling of ships at sea. This appli-

ance was successfully demonstrated in 1906 in experiments on a German
torpedo-boat, and in 1908 was practical!}^ applied on an English steamship

by the Neptune Works at Newcastle. About the same time, according to

report by U. S. Consul-General Wright, from Munich, April, 1905, another
German inventor. Dr. Anschiitz-Kampfe, produced an apparatus in which
the gyroscopic principle of maintenance of direction in space is applied as

a compass. Experiments with this instrument on board a German warship

appear to have proven it capable of replacing the magnetic needle under

conditions wherein the latter is unreliable. The latest practical application

of the gyroscope as represented by the Mono-rail Car of Mr. Louis Brennan
was the subject of a lecture by Prof. W. S. Franklin of Lehigh University

before the Institute at its stated meeting in February last and the following

paper affords a lucid demonstration of the principle involved.

—

Ed,
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as shown in Fig. i. It is said by the makers, to embody the

following essential points, which are here quoted from their

published statement, with a few emendations and amplifications

:

A. The use of two gyroscopes or fly-wheels, mounted side by

side in frames, as shown in Fig. i, and rotating about a hori-

zontal axis in opposite directions with equal speed. The pre-

cessional couple about an axis lengthwise of the car, due to the

turning of the car about a vertical axis in rounding a curve, is

equal and opix)site for the two gyroscopes, hence the upsetting

torque arising from this source vanishes.

B. The employment of a pair of shelves or plates as friction

surfaces, attached to the sides of the car, one on each side. When

Fig. I.

the car begins to tip over to one side, one of these shelves is

raised and begins to press against the rotating end of the gyro-

scope axle, which projects over it. This pressure causes the

gyroscoi>e to' turn, or precess, about a vertical axis. The frame

of the second gyroscope is geared to that of the first in such a

way that it is forced to turn equally in the opposite direction,

as shown at the top of Fig. i. The axle, on account of friction

on the shelf along which it tries to roll has a force exerted on

it whose moment tends to increase the precession. The moment
of this frictional force about a vertical axis has the effect, not

to increase the precession already taking place, but instead, to

cause precession about the longitudinal axis. . The opposite

moments acting on oppositely rotating g^-roscopes conspire to

cause precession in the same direction about the longitudinal

Vol. CLXIX, No. 1014—27
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axis of the car. This rights the car and tips it sHghtly to the

other side, to be brought back again by the second shelf. The

centre of gravity of the whole car is thus kept oscillating very

slightly on either side of the line of upward thrust of the rail.

C. The use of a second pair of shelves next to. the first pair,

each engaging an idle roller whose friction is negligible, attached

to the gyroscope frame, and serving to return the frame, after

displacement, to its normal position, transverse to the car.

D. The use of a single central frame in which both the gyro-

scope frames turn, or precess, which is itself solidly mounted ori

an axis lengthwise of the car, and on the same level with the

gyroscope axes, so that this frame and the gyroscopes it carries

can together tip to the right or left with reference to the car,

or the car can be tipped with reference to them, to an amount

determined by the clearance between the shelves and the gyroscope

axes over them.

This description of the car and its action will become more

clear after following the developments in the following pages.

Gyroscopic action has up to the present time not been regarded

as one of the available devices for securing mechanical effects

in machine design, but rather as one to be avoided, and where

unavoidable, one to be guarded against in the same manner as is

done in most cases of centrifugal action. For example, the cen-

trifugal force tending to burst a fly-wheel must be carefully

guarded against in design and operation, but on the other hand

centrifugal action is boldly made use of as the essential element

of design of engine and turbine governors of all sorts. In the

same way the gyroscopic action of armatures on shipboard must

be carefully provided against. But as appears from this inven-

tion, we must, hereafter, be prepared to make use of the peculiar

properties of gyroscopic action to produce mechanical effects

that are otherwise unattainable.

To this end, it is the purpose of the present paper to set forth

the principles of gyroscopic action in general and, in particular,

to describe their application to the mono-rail car. in such an

elementary and geometrical form as to make the action intelli-

gible and calculable without recourse to complicated mathematics.

This may be done most readily by help of the close analogy, or

say identity, which exists between the mathematics of centrif-*

ugal action and that of gyroscopic action.
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This we now jjroceed to develop. Suppose a body of mass

m revolve in the horizontal plane of Fig. 2 about C to which it

is attached by a strinii- of length r. If the linear velocity of m
along the circle of radius be i-^ then it is well known that the

tension of the string

m.v' ,
t =•— = mu^r = mvu (O

in which the deviating (or centrifugal) force t continually draws

m away from the straight path it would otherwise follow along

Fig. 2.

a tangent to the circle, and 11 is the angular velocity of revolution,

i.e., the linear velocity of a point on r at the distance of unity

from C.

Equation (i) may be written in the form

l:mv::!t:t (2

from which it appears that if the distance r=CB = CF be

taken on some arbitrary scale to represent graphically the

numerical amount of the momentum ni7\ and it be laid off at

right angles to the direction of the momentum along BF, viz..

at successive instants along ;- in its successive positions, then
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on the same scale the length of the arc BF at right angles to the

successive positions of r measures the impulse of the deviating

force, which is numerically the same as the tension t, the tension

at any instant being at right angles to the arc, just as mv at any

instant is at right angles to the position of r at that instant.

The elementary considerations by which equation (i) is

established will not be here developed,* as they may be found in

any treatise on the mechanics of motion. Equations (i ) and (2)

express a necessary relationship of the mechanical and physical

quantities concerned. For example, the tension t can be increased

only by some suitable change in one of the other quantities, such

as using either a greater mass m, or imparting to it a higher

velocity v, or making r, the radius of the circle of motion, smaller.

Now in order to develop the corresponding equations for

gyroscopic action, let us assume that a gyroscope or fly-wheel

whose moment of inertia about its axis of rotation is M is

rotating with its axis initially horizontal at CB. It is to be

noticed that the actual linear motion of its particles in space is

at right angles to CB, as was the linear motion of w previously

treated. Let the axis have a point of support at C only, and let

the centre of gravity of the total weight W supported at C be

situated at B, a distance of CB= R from C, so that it requires

a couple of torque T^ WR, combined with a vertical force at

C= W (the weight acting at 5) in order to keep W from fall-

ing. Let the gyroscopic wheel revolve about CB with an angular

velocity V, then its constant angular momentum about CB is

MV.
On some arbitrary scale let R= CB = CF be taken to rep-

resent graphically the numerical amount of the angular momen-
tum MV. On the same scale the arc BF= T may be taken to

represent the deviating angular impulse of the torque T, which

is numerically the same as the torque T. This angular impulse

continuously generated by W at right angles to the angular

momentum MV is to be compounded with it in precisely the

same manner that the linear impulse generated by the deviating

tension t is compounded with the linear momentum mv, instant

by instant, during its generation, in order to produce a uniform

deviation in a circle.

The torque T due to the weight W at B acts always at right

angles to the axis of the angular momentum MV just as the
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tension t at B acts always at right angles to the linear momentum
mv, hence MV and T must be compounded according to the same
laws as mv and t.

Therefore

1:MV::V:T (3)

or

in which U is the angular velocity of R about C in the horizontal

plane and the gyroscope is said to precess or turn at the rate U.

The apparently paradoxical action of the gyroscope consists in

this, that while rotating about one axis a torque acting on it

apparently tending to turn it about a second axis at right angles

to the first, actually does turn it about a third axis at right angles

to the other two, and this is its only effect.

Equation (4) may also be written:

T MVU MV^
^-R =^^-=~^—^^^' (5)

These equations (3), (4) and (5) express physical relations that

must necessarily exist in gyroscopic action during dynamic sta-

bility of motion. They show, for example, that a decrease in

the rotary velocity V through friction or otherwise would require

a more rapid precession U in order to support the given weight

W, a fact readily observed ; or again, V remaining unchanged,

any. increase in JV will produce a corresponding increase in U,

as appears at once experimentally.

In order to comprehend clearly how the direction of pre-

cession is related to the rotation and torque, suppose the rotation

of the gyroscopes appear clockwise to an observer looking from

B towards C, then to an observer looking from D to B gravity

tends to make the axis BC rotate about C, so that the impulse

of T is clockwise also, about a horizontal axis EC, which is

parallel to the tangent at B, to an observer looking from E to C.

This angular impulse of T, generated instant by instant, is

continuously compounded with the constant angular momentum
MV. Since it acts always at right angles to MI', its effect is

not to increase or decrease MF but solely to change its direction,

so that the axis of rotation R is steadily moved forward to suc-

cessive positions intermediate l)etween BC and EC and thus at
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the end of a unit of time it occupies some ix)sition CF. It will

evidently move to a position between BC and EC whenever both

are clockwise, which will therefore also make the precession U
clockwise when the observer looks down on C.

Careful attention should be given to the relative directions

of rotation just indicated for the three quantities T U V, which

are arranged in alphabetical order, are mutually at right angles,

and are so situated with respect to each other that they follow

each other cyclically clockwise to an observer looking towards

C from any point in the solid angle between them, and they each

indicate clockwise rotation to an observer looking along either

of them towards C. Considered in this way it is not difficult

to analyze gyroscopic effects into clockwise actions, since every

rotation is clockwise for one aspect or the other. It further

appears that a force applied at right angles to W in an attempt

forcibly to increase or decrease the precession U would fail to

do so, but would instead produce a precession in a vertical plane,

thereby causing W to rise or fall according to the above rule.

It would greatly assist the student of the mono-rail car to use a

pair of graphical models made of corks into which three pins

of different kinds are stuck at right angles, one along the axis

of the cork to represent V or MV, and two others at right angles

for T and U respectively, placed in the order mentioned above.

In all this discussion of centrifugal action and gyroscopic

action it will be noticed that we have carefully confined our

attention to the relation between the external applied forces and

the motions ensuing, and have not considered the equal and oppo-

site internal forces that are developed in the form of reactions in

equilibrium with the applied forces. This has iDeen done for the

sake of simplicity and to avoid all possible confusion as to cyclic

order, etc. Its correctness as a method can no more be ques-

tioned than can its application to the case of motion of a falling

lx>dy where the external force of gravitation acts and motion

ensues, and no regard need be had to the fact that by its inertia

the body develops an internal reaction equal and opposed to the

force of gravitation.

A vertical transverse 'section of the gyroscopic equilibrating

parts of Brennan's mono-rail car may be represented in diagram
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as in Fig. 3, and in horizontal section or ground plan in Fig. 4,

in which the same letters refer, so far as possible to correspond-

ing parts in both figures at once.

The arrangement consists of a pair of gyroscopes revolving

on horizontal axes B^C^, B-^C^ at the same speed Fj =^2 in

opposite directions, so that a spectator looking along either axis

from Bi to C^, or B.j to Co will see the wheels rotating clockwise.

This speed is to be maintained by applying so much power

as may be necessary to overcome friction, preferably by syn-

chronous motors upon the axes BC. The axes BB are carried

in bearings in the vertical frames which are shown in Fig. 3 in

the form of circular rings. These rings swing about vertical

axes DiD\, Djy., which in turn are carried in bearings in a

vertical framework EF rigidly fixed to an axle TT. The axle

TT which lies lengthwise of the car, which is represented in
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cross section by GKL, is solidly supported by bearings in the

car, vertically above the rail / and the car wheel, which last

revolves about the horizontal axis IJo-

in Fig. 4 the gyroscopes are represented in a position which

they would assume after having suffered a small deviation from

their mean normal position (in which BB and TT are mutually

at right angles) such as would occur after a small precessional

rotation had taken place.

The gyroscopes are kept in step with each other in their

motion about their vertical axes DD as well as in their motion

about their horizontal axes BB, so that their rate and amount of

Fig. 4.

P/an

precession about DD is always equal and opposite. This first

result is effected by means of two toothed sectors /^i and A 2,

which engage each other and which are rigidly attached to D^

and D2 respectively by arms AD which may be regarded as

.right angled prolongations of I?i and Do. Thus the arms AD
turn with the rings about the vertical axes DD and we thus have

Ui=^—Uo, as well as V-^^-— V.,, so that the rates of pre-

cession are equal and opposite as well as the rotary velocities.

The fact that both gyroscopes are carried by the rigid frame

EF requires, however, that any turning of the gyroscopes about

the axis T^T., which is perpendicular to both BB and DD, shall
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be the same for both gyroscopes and in the same direction, not

in opposite directions. Let this condition l)e expressed by the

equation U\ = U'2, in which U\ and U'o are precessions about

In Fig. 3 the car is represented as in perfect balance in a

horizontal position, but this is not the case in Fig. 4. Suppose

an unbalanced load be placed upon the right side of the car

between Lj and K-^. That would tip the car and bring the plate

at Go into contact with the rotating prolongation of the axis

BoCo at B2-

This plate consists of two parts, a rough part G., intended to

act as a friction brake on Bn and a smooth part H2 on which the

axis Bo can rotate without friction. As soon as this plate exerts

an upward pressure upon the axis at Bo the unbalanced load is

transmitted to the gyroscopes in the form of a torque about Tj To

and the action is the same as though a pair of equal weights were

hung upon the right hand half of each gyroscopic axis whose

combined torque is the same as that of the unbalanced load. As
already explained the effect produced upon the gyroscopes is

not to cause any revolution about the axes about which T acts,

but instead to produce precession about the vertical axes DD.
The right hand gyroscope then has its three clockwise actions

TUV situated as already described in our treatment of <he

gyroscope, Fig. 2, and its precession is clockwise as we look upon
it from above as represented in Fig. 4 ; while the left hand gyro-

scope having a clockwise rotation Vo observed from B.. and a

clockwise T looking from T^ to Ao must have a clockwise pre-

cession Uo viewed from below, thus producing the precession

represented in the left gyroscope. Fig. 4.

The sectors A-^^Ao are therefore unnecessary so far as this

action is concerned. But it is otherwise with respect to the

action of the friction plate Go. For, as the axis at Bo rolls upon

Go a horizontal force is exerted on Bo which exerts a torque

T'2 say, about the vertical axis D'oDo, clockwise when viewed

from below, in its effort to increase the rate of precession l\.

This it is unable to change. Instead of causing an increase in

the precession U , the torque T'o will cause a precession U'o about

an axis at right angles both to M]^o and U'o, /.t'.,' alx)ut T^ T.,.

Let T' desigiiate the torf|ue of any cou])le produced by fric-
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tion tending to turn either gyroscope or both about a vertical

axis in a clockwise direction, then by equation (4),

T' =MVU' (6)

gives the value of U' , the precessional angular velocity pro-

duced about the horizontal axis T^To, to right the car and bring

its centre of gravity to a position vertically over the rail. That

this statement is correct is evident upon considering the neces-

sary relative position of T'^U^Vo for the left gyroscope, since

they may be regarded as acting independently of TUV pre-

viously treated. The graphical model will show that the pre-

cession U'2 is such as to right the car by giving it a precession

opposite to the torque T of the unbalanced load, which precession

will diminish and cease as the car is righted.

AVe have here considered the left gyroscope as if it alone

were effective in righting the car. In fact both gyroscopes con-

spire to produce the same effect, for one-half of the torque T'

is transmitted by the toothed sectors AA to the right gyroscope

in which T' is, therefore, clockwise seen from above and U\ is

clockwise looking from To to A^. This action therefore brings

a mechanical stress on the toothed sectors to transmit part of T'

from one gyroscope to the other, and in equation (6) M is the

sum of the moments of inertia of both gyroscopes.

It is evident since the car as shown in Fig. 3 is in unstable

equilibrium that left to itself it must immediately incline to the

one side or the other. \Yt have just shown how the gyroscopes

act in case of an unbalanced load to return the car to the position

of unstable equilibrium for car and load together.

Suppose now that the car tips still further in the direction in

which the gyroscopes ha\-e been operating to right it, so that

from unstable equilibrium it begins to tip over and down to

the left, while the axes of the gyroscopes have stopped in the

position shown in Fig. 4, as they would, since there is no unbal-

anced load to maintain precession. The first effect of this initial

inclination to the left would be to bring the smooth plate H^
into contact with the right axis at S^. Whatever might be the

force which H^ exerted to press B^ upward, its only effect would

be to produce a precession about the vertical axes DD in the

opposite direction from that which was produced when G^ pressed

B2 upward. This precession about DD will serv^e to restore the
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axes BB of both gyroscopes to their normal positions transverse

* to 7^1 7^2, but it will not be accompanied by any precession about

TjTs until Bi reaches Gj.

The effect of the plates G and H combined with the very

small clearance between them and tlie axes is ordinarily to limit

the deviations of the axes BB from their normal transverse

position to very small amounts, for any tipping is almost instan-

taneously corrected and relatively large unbalanced loads may
be applied suddenly without large disturbance of the gyroscopes.

We shall return to this matter later.

The discussion thus far has considered what occurs while the

car stands still or moves upon a straight track or cable. A
single gyroscope would have been sufficient to produce all the

results reached so far. The two have, however, been shown to

act in unison so far, and the two become necessary only by

reason of the forces ])rought into play in rounding a curve in

the track.

So far as the centrifugal force which is developed in running

the car around a curve is concerned, it acts precisely like an

unbalanced load in applying an angular impulse about T-^T.. to

tip the car off the track. We have already explained in detail

how the gyroscopes operate to balance the car on the rail in such

circumstances. It should be remembered that in rounding a

curve the car is in balance not when its centre of gravity is ver-

tically over the rail, but instead, when it lies in the line of the

resultant of the centrifugal force and gravity, just as it must

also stand inclined in case of sidewise wind-pressure.

The one thing, however, which we have not yet considered is

the torque developed in each gyroscope about the longitudinal

axis T^To by reason of the common precession of bodi gyro-

scopes in the same sense with the car itself about a vertical axis

in rounding a curve in the track. Were it not for the toothed

sectors A^A.2, the axes B^B., would both maintain their original

direction in si)ace while the car turned the curve, but, unable

to do this by reason of A^A.,. they are both forced to precess

with the car. Suppose the car moves in the direction T^T.^

around a curve that turns to the right as .-^1 does, then the pre-

cession is clockwise viewed from above, and the torque developed

in the right gyroscope is formed by placing our cork model of

TUV with V to the right, U vertical and T horizontal, so that
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T acts about T-^T^ ^i^d clockwise looking from T-^ to Tg, while

the torque in the left g}'roscope is about TjTs but clockwise look-

ing from To to T^, as will be readily perceived by comparing the

cork model before mentioned with U upward in the two while

V in one case is opposite to that in the other.

The two gyTOScopes, therefore, develop equal and opposite

torcjues about T-^T^ which are transmitted to the rigid frame

EF through the bearings DD and they hold each other in equi-

librium by means of internal stresses induced in the frame. While

running around a curve to the right a tension is caused in F-^^F^.

and an equal compression in F\F'2.

The gyroscopes are both needed in this case in order that

each may equilibrate and neutralize the torque of the other, which

would otherwise infallibly overturn the car on attempting to run

it round a curve. Furthermore, it is evident that in order to

secure the existence of this dynamic equilibrium it is necessary

that the two axial velocities V be at all times ec[ual and opposite.

It is not, however, necessary that V remain, at all times,

constantly of the same value. The high speed of 3000 r.p.m.

proposed by the inventor is for the purpose of ensuring that the

product MV on which the stability of the car depends shall be

large without making the size and weight of the gyroscopes

large. He estimates that for ample stability their weight may
then be only 4 per cent, of the weight of the car, or less.

Under those conditions the gyroscopes would store so large

an amount of rotary energ}^ (which is measured by j^ MV^)
that the fluctuations of velocity V, due to the expenditure by

friction on Gj^Go and otherwise, would be practically imper-

ceptible in case the power applied by the synchronous motors to

maintain V is sufficient in the long run to make good all losses

by friction. In any case the power needed by the gyroscopes

would be inconsiderable compared with that required for the

propulsion of the car.

The foregoing discussion has all depended upon equation (4)
and its applicability to the gyroscopic interactions actually occur-

ring in the proposed arrangement. Equation (4) assumes that

the axes BB are in their normal transverse positions at right

angles to TjTg. But owing to the precessions about DD we are

compelled to consider what modifications are necessary in order

to take into account the effect of such deviations in the positions
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of BB as may take place. Let d designate the amount of this

angular deviation from the normal position at any instant. Then

the angular velocity V may be regarded as made up of two

components, viz., V sin d about an axis parallel to T1T2 and

V cos d at right angles to 1\T2, of which the latter component

alone is effective in equation (4) which may Ije written:

T =MUV cosd (4)

From this it is seen that with a given torque T the precession U
increases with the deviation d, though the deviation is in fact

usually confined to such small values that the precession is but

slightly varied from this cause.

The practical effect so far as balancing is concerned is the

same as if the gyroscopes were in normal position with axes at

right angles to TT, and rotating with velocities V cos d, and

besides that there was an additional pair of gyroscopes exactly

like these mounted on axes parallel to T1T2 and rotating with

velocities V sin d. The eft'ect of these latter, were they in action,

will be readily seen to be nil so far as unbalanced loads on the

car are concerned, as well as their effect on the centrifugal action

in rounding a cun-e ; but not so in regard the precessional effect

in rounding a curve, which precession, as previously remarked,

consists in a turning of the whole car including the gyroscopes

about a vertical axis.

In case the gyroscopes stand at a deviation d while rounding

a curve the stresses before described as produced in FF are

diminished in the ratio of V to P cos d, the latter being the

,
component of the angular velocity of the gyroscopes in the plane

of the frame. Besides this stress, a twisting stress is induced

in the frame by the angular component V si)i d, the component

rotation parallel to T^ To. which exerts a torque alxDut an axis

perpendicular both to the axis of precession which is vertical

and the axis of rotation TT, i.e., about CC. This torque, there-

fore, consists of equal forces parallel to T^iTo applied to the

frame at the four points D^, D\, Do. D'o, such that those at

Di and Z)'o act in one direction and those at Z).. and D\ in the

opposite direction, thus causing a bending stress in the frame EF
so that the torque exerted by one gyroscope is neutralized by

the other, and the effect upon the car is nil.

It thus appears that no disturbance of the balance occurs by
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reason of the deviation caused by the precession occurring during"

the righting of the car. The sole etTects are some slight varia-

tions in the rate of the precession and in the stresses to which

the frame is subjected, matters which have no influence upon the

action of the gyroscopes in righting the car.

It is furthermore evident that the gradual or instantaneous

elevation of one end of the car above the other, such as might

occur in running on a slack cable would, since it is a precessional

rotation about an axis parallel to CC, have no effect, at least

while the axes BB are in their normal position perpendicular to

TT. The almost impossible case of such precession taking place

during the continuance of a deviation d of perceptible magnitude

could also be readily discussed, but is practically negligible since

the deviation d actually flutters back and forth each side of zero

in almost infinitesimal instantaneous excursions that check every

attempted lapse from an upright position at its very beginning,

and simultaneously with the attempt, the only lag in action being

the time required for the movement necessary to tip the car far

enough to reduce the clearance between the axis at B and the

plate GH to zero. That clearance may be made as small as

desired.

The question that naturally arises respecting this car, in the

mind both of the engineer and the layman, is as to the limits of

its stability. How much of an upsetting torque is it able success-

fully to withstand? It is evident that the larger the moment of

inertia and rotary velocity of the gyroscopes the greater the

stability, as appears also from equation (5). Brennan has stated

that the weight of the gyroscopes need not exceed some 4 or 5

per cent, of that of the car. In his experimental car their weight

is nearly 7 per cent, of the unloaded car, but perhaps may not

exceed 4 or 5 per cent, of its total weight when loaded.

The point of danger in the apparatus is reached when the

precession U has been so long operating as to carry the deviating

axle B2 (Fig. 4) to the end of the friction plate Gg- The car

must be righted before the deviation reaches this point or the car

will upset. A deviation of more than 30 degrees would appar-

ently be unpracticable, and in practice 10 degrees or 15 degrees

is probably nearer the limit.

In order that the car be righted with such promptness as to

avoid this danger, U' in equation (6) must be large, which in
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turn requires T' to be large. Now T' is the torque about a ver-

tical axis due to the friction of the axle B^ as it rolls and slides

upon G2. This torque T' depends upon the product of the

pressure of Bo upon G2 and the coefficient of friction between

these. It has already been shown that the precession U is

unaffected by T. It is V alone that is affected by T. Now it

would seem that the only thing necessary to make U' of any

desired amount would be some means of increasing T' ad libitum

before the deviation reaches its limit. To ensure ultimate safety

either the coefficient of friction should in some manner be made

to increase enormously before the limiting deviation is reached,

or the pressure between B^ and G^ should l>e enormously

increased in some automatic manner before reaching that limit.

It would appear quite practicable to so arrange magnetic coils

about B2 as to have an electric current pass through more and

more of them as B^ approaches its limit of deviation and by that

method automatically increase the magnetic pressure between

B2 and Go to any desired extent as the limit is approached, thus

making V and consequently U' both increase enormously at the

limit. It would seem as if some such device must be adopted if

occasional overturning from high winds and other accidental

causes are to be avoided. The inertia of the gyroscopes in

Brennan's experimental car is not known as yet. but computa-

tions based on assumed data make it probable that a very high

wind causing a pressure of 30 pounds per square foot against

the sides of a car of ordinary construction might cause a total

precessional deviation of 30 degrees in a fraction of a second,

from which the suddenness with which the car must be tilted to

oppose the wind may be inferred and the necessity for some such

automatic safety clutch is evident.

There is an action of the gyroscope still remaining which it

is important to consider in connection with mono-rail car. which

action is included under the head of ' nutation.' so called. The

actions treated thus far in this paper have not taken into con-

sideration the inertia eft'ects which are brought into play about

the vertical and longitudinal axes of the car by reason of the

sudden or gradual application of unbalanced loads. Consider

the effect of a weight fT suddenly applied at B in- Fig. 2. The

discussion heretofore given treated the precessional motion as

alreadv established and its steady continuance was ensured by
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the moment of W acting about C. In suddenly applying- a weight

W 2it B we have to consider the phenomena occurring during

the establishment of the precession due to W. This precession,

consisting in a constant, angular velocity about a vertical axis

through C, must necessarily arise by the application of an angular

acceleration (constant or variable) about the same axis which

is resisted by a corresponding couple (constant or variable) due

to the inertia of the gyroscope.

During the establishment of the precession due to W there is

therefore a resisting couple about the vertical axis due to inertia,

which acts in addition to everything previously taken into ac-

count. Such a couple produces precession about CE Fig. 2

in such a w^ay as to allow W to begin to move downwards.

This is clearly what should occur, since the precession does not

become large enough to support W until the precession reaches

the value required by equation (5).

The motion just described is the beginning of the nutation.

The precession about the vertical will gradually increase until

it is sufficient to support W w-ere it at rest, but by that time W
has acquired a velocity and momentum such as to carry it still

further downward before it can be stopped. In thus being

stopped in its course, W by its inertia exerts a couple which

continues to increase the precession beyond the amount neces-

sary to simply support W, so that by the time W has ceased

to move downwards the precession is so large as to give W an

upward velocity during the time necessary to reduce the pre-

cession. It may readily be showai that W wnll be carried upward

to the level from which it started, while the precession will also

be diminished to the value it had to begin wath. This oscilla-

tion of W up and down in unison with the increase and decrease

of precession occurs harmonically, and constitutes the nutation.

In case the weight W is applied unifoiTnly and gradually

during the nutation, so that the whole of it is applied in course

of the downward motion, it is evident that it will have half as

much effect in causing nutation as if applied suddenly.

The relations just stated would enable us to investigate the

amplitude and period of the oscillation were it important to do

this. But as will now he shown such oscillations should not

arise in the mono-rail car and hence we omit the investigation.

In the mono-rail car the friction plates are designed for the
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very purpose of producing a couple about the vertical axis

opposed to the inertia couple which causes nutation. If properly

designed the friction couple neutralizes and greatly exceeds the

inertia couple due to any load likely to come upon the car. It will

then happen that the car will not give way under an imposed load

at all but will begin at once to bring the centre of gravity of load

and car over the rail without any preliminary nutation, which

would be a motion in the opposite direction. It might be pos-

sible, however, for a weight falling from a sufficient height to

set up a small oscillation.

X-Ray as Dental Detectivf.. (Popular Electricity, ii, 12.)—
A Cleveland oculist had a patient whose right eye was unaccount-
ably inflamed, and the inflammation refused to yield to local

treatment, which was evidence that the cause was not in the eye

itself. The oculist sent the patient to a dentist, who, after close

search, found a slight abscess at the root of the left eyetooth.

On treating this abscess in the usual way the eye gradually im-
proved. A year later the other eye was troubled in a similar

manner, but no corresponding abscess was externally discoverable

in the right eyetooth. However, the dentist drilled down to the

root of the tooth and found a slight abscess. By curing this, the

eye also was cured.

It occurred to the dentist that such cases might occur again,

and that it would not always be desirable to bore into sound teeth

on the chance of locating the trouble. So he tried if the X-rays
would locate the seat of trouble and found them effective.

A New NiTRmc of Carpox. (Bull. Soc. d'Encoiir., 113. 3.)—
Cyanogen, C.Nj, discovered by Gay Lussac in 181 5 is a nitride of

carbon. MM. Ch. Moureu and J. Ch. Bongrand, at the meeting
of the Academy of Sciences on Jan. 24, 1910, announced the isola-

tion of a sub-nitride with the formula CjN., by the separation of

water from the butinc-diamide, thus.

—

CONH.—C—C—CONH.—2H„0=
X—C—C—C—C—X or C,X,

The product obtained, which is dicyanacetylene. can be recog-

nized as a carbon cyanide Co (C^NV The product appears as fine

white needles, melting at 21° C. It boils at 76° C, its odor, its irri-

tating properties and its vapor resemble those of cyanogen. It burns
easily, its vapor ignites spontaneously in the air at about 130° C.

:

that of carbon disulphide ignites at about i^o'' C.

Vol. CLXIX, No. 1014-28
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[Substitution of one oxide by an equivalent quantity of a similar oxide,

e.g. phosphorous pentoxide by arsenic pentoxide, changes the ratio of all

the oxides to each other. Moreover, certain of the tungsten complexes
crystallize in the isometric system, as is shown by measurement of the

crystals, but have orthorhombic structure, as is shown by their behavior
toward polarized light. Hence these compounds probably are adsorption
colloids in which the physical molecule of tungsten trioxide is composed
of its chemical molecules, arranged in the isometric system (octohedron
truncated by a cube). The chemical molecules of the other oxides are
arranged in the spaces between the chemical molecules of the tungsten
trioxide, and thus produce a stress in the physical molecule of the latter,

and cause the orthorhombic structure revealed by polarized light.]

The term " complex inorganic acid " was proposed by the

late Wolcott Gibbs in 1879^ ^^r " A class of compounds which

may be considered as formed by the union of two or more acids

with elimination of water in such a manner as to form a whole,

which in its chemical relations behaves like an acid containing a

single radical."

The most familiar example of this class of substances is, of

course, phosphomolybdic acid, the insolul)ility of whose salts

with ammonium and the alkaloids render it of great importance

in analytical chemistry. To this body various formulas are

assigned, from 18M0O....P2O5 to 24MoO:;.P20-,. and it is well

known that the most careful attention must be paid to the con-

ditions of its preparation in order to be certain of reproducing

a desired composition. The " union " between the two acids

is evidently difi'erent from anything ordinarily encountered in

chemical science.

The labors of Gibbs during some fifteen years subsequent to

' Amer. Chem. Jour., i. 217.
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his first publication ui>on the subject brought to Hght a vast

number of analogous bodies, and many more have since been

prepared by Professor Edgar F. Smith at the University of

Pennsylvania, and by other investigators. From simple ^combi-

nations of two acid oxides it has been found ixDssible to pass to

others with as many as five, for instance, phospho-arseno-venado-

vanadico-tungstic acid, described as 14P2O5.2AS2O5. 34X^.^0.-,.

41 V20.5.i94\'VO;,; nearly all of the dioxides and sesquioxides,

acid and basic, rare earth and heavy metal, have been introduced,

and even the same element in different states of oxidation, as in

the example cited. Most of these complexes are known as ammo-
nium salts, yet various other salts, as well as the free acids, have

been prepared by double decomposition ; although consideration

of the number of combinations possible shows that the field is by

no means exhausted.

The mere preparation, analysis, and characterization of these

bodies, laborious as it is, cannot be regarded as completing

their study. We can only claim to know them, in a true scien-

tific sense, when we have demonstrated the nature of the forces

Avhich hold the elements together, the reasons for the remarkable

proportions observed to exist,—in short, when we have discov-

ered and explained their constitution. It is the purpose of the

present note to call attention to certain of their properties which

seem to throw some little light on this matter, although com-

plete understanding of their nature is of course still as far dis-

tant as of that of the majority of inorganic compounds.

The question as to wliether these complexes are really chem-

ical compounds may well claim our attention first. Gibbs. who

did so much pioneer work in their preparation and analysis,

evidently regarded them as such, and he even attempted to de-

rive structural formulas for a few of them. But such formulas

occupv much space—one all but two lines of a page in the Aincr-

kan Chemical JonrnaJr—and really add nothing to our knowl-

edge of them. .-\nd later writers liave wisely refrained from

further speculation of this sort.

The evidence as to their true nature may be summed up in

a few words as follows

:

They appear to l)e compounds l>ecause of. ( \^ Their repro-

ducibility, with remarkably constant compositions, untler widely

"Anier. Chem. Jonr.. i88t. iii. 414.
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different conditions. (2) The tenacity with which the oxides

stick together, through a variety of reactions, a property empha-

sized most strongly by the difficulties attendant upon their anal-

ysis. (3) The fact that the majority are well crystallized.

Against this interpretation we have apparently only the dif-

ficulty of explaining their constitution.

Yet the case is by no means as one sided as might appear at

first sight. It must be granted that, as far as (i) is concerned,

they have not been sufficiently studied from a physicochemical

point of view for us to assert that their compositions are actually

definite. In little of the work carried out upon them so far

has there been any systematic variation in the conditions, and

indeed the variability of some of them is only too well known
(witness the notorious difficulties in the determination of phos-

phorus in pig-iron and steel). In fact Gibbs was able to pre-

pare phospho-molybdic acids in which the MoO-, :P205 ratio was
successively 5, 16, 18, 20, 22, and 24, while the corresponding

arsenic complexes gave 6, 7, 16, and 20.

The strong attachment of certain of their constituents, in-

troducing so many unexpected difficulties into their analysis, can

also hardly be regarded as a definite proof of their compound
character, however interesting it may be. It will fall in with

any explanation of their nature that at present suggests itself.

Their crystallizability merits, however, more consideration.

According to the usual views, based upon sound observation and

experience, this property is to be regarded as a safe criterion of

the definiteness of a chemical compound. Yet in these bodies

we have two rather strikingly contradictory features : ( i) The
more complicated their makeup, the better they crystallize ; and

(2) they appear to be for the most part isomorphous. While

to be sure the simpler ones are often amorphous, or show various

t3^pes of crystallization, practically all of the 3, 4, and 5 oxide

preparations, both of molybdenum and tungsten, present a form

suggesting that of common alum, the octahedron truncated by

the cul>e. Most of the crystals are opaque and dull on the sur-

face, so as to be unsuitable for examination by ordinary methods

of physical mineralogy. The series of phospho-vanado-molyb-

dates recently i)repared by Dr. William Blum, under the direction

of Professor Smith, at the University of Pennsylvania, were

however brilliant and transparent enough for such study, and the
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results obtained upon them suggested the presentation of the

present note.

The habit of these crystals is, in a general way, that men-

tioned above—the octahedron with vertices truncated by cube

faces. One peculiarity is, however, very noticeable : the apparent

cube faces are not all alike, but appear to be of at least two kinds,

two opposite faces being almost invariably large, while the re-

maining four are inclined to be smaller, or in some cases absent

altogether, immediately suggesting the possibility that some other

crystal system than isometric is represented. When the angles

between the faces were measured, however, they proved to agree

sensibly with those of the cube and octahedron; the reflections

were not sufficiently good to yield measurements of extreme

accuracy, yet the variations from the theory between octahedral

faces, for instance, rarely exceeded 5 minutes, and no systematic

relation could be traced between them and the position of the

different " cube " faces. Study of a more extensive series of

crystals would be highly desirable in this connection, and it is

hoped that opportunity will be found for it before long.

When cross sections of the most transparent crystals were

examined in convergent polarized light, more definite results

were obtained. The direction perpendicular to the two " cube
"

faces showing the larger development actually proved to be a

peculiar one. Sections cut parallel to these planes gave a fine

interference figure, which at first sight looked uniaxial, corre-

sponding to the suspected tetragonal habit, but careful observa-

tion showed that the figure was really biaxial, with an optical

axial angle of about 5 degrees, so that the system may well be

orthorhombic. Five different preparations examined showed iden-

tically the same phenomena ; but it has unfortunately not yet been

possible to extend similar studies to other series of isomorphous

or pseudo-isomorphous complexes.

The ordinary conception of isomorphism implies a corre-

spondence in chemical as well as crystallographic character.

These complexes, as usually formulated, certainly show no par-

ticular resemblance in the former respect. But it is quite possible

to bring them into a more directly comparable form, a problem

which may well occupy our attention at this point. The necessity'

for retaining the old dualistic or separate oxide formulation is

of course evident. It will surely 1^ easier to find an explana-
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tioii of the nature of the substance if we have it before us as

2oMoO:;.Po05, than if it is stated as MoooPsOgs; and with in-

creasing complexity the need for such separation becomes still

more imperative, as has been recognized by all the workers in

the field.

But the derivation of the formulas from the analyses is an-

other matter. The method universally adopted has been the one
customarily employed in analytical work : to calculate the re-

sults so as to give a unit quantity of the oxide present in smallest

amount, and then express the others in terms of this. For the

simpler complexes this may be satisfactory enough, as it really

represents our total knowledge concerning them. Thus, we
write 20M0O3.P2O5 rather than 4oAIoO.,.2P205, because it is

the simplest possible expression ; and the use of the same method
throughout inorganic practice (is not KMnO^ preferable to

K^MuoOj;?) justifies its retention here.

On the other hand, as soon as we pass to the more complicated

bodies,—those in which three or more oxides are concerned,

—

difficulties begin to appear. The most serious of these is the

frequent necessity for using half molecules ; thus, in the work

of Dr. Blum one ammonium salt called foi* the formula 7(NH4)2
0.5>4Vo05.i6>4MoOo.5oH20, and another 8, loj/^, ii>^, and

50 of these oxides respectively.-^ And while the difficulty could

here be removed by doubling the formula, necessity is sure to

arise for trebling it in other cases, or indeed multiplying it in-

definitely if the analytical work is sufficiently accurate. Fur-

thermore, a slight error in the determination of the oxide present

in smallest amount—and these are the very ones whose estima-

tion presents the greatest uncertainty—becomes considerably

magnified in its application to the others.

There is, however, a simple way to overcome these difficul-

ties, consisting merely in the referring of the various constitu-

ents to a unit amount of the oxide present in largest amount, to

that of molybdenum or tungsten. It would appear most prac-

ticable to make this oxide have a value of 100, although in

special cases other values might be used. The formulas will

then not only be much closer to the analytical results, but, above

all, the different complexes will become directly comparable.

^Jour. Amer. Chem. Soc, xxx, 1908, i860.
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Thus instead of the unsatisfactory

106H2O. 1 5 ( XH, ) 2O.2P2O5.6V2O3.44WO3
and

98H2O. 1 7 ( NH4 ) ,0.2AS2O5. 1 4>4 VoO.,.29W03,
we get

24oH,0.34(XH,)20.4P20-.i3V,0,-iooW03
and

335H20.58( XH, )20.7Aso05.5oVoO,iooW03.

In the majority of cases of isomorphous relations between

two elements we find them entering compounds with like valence

and in equal amount,—for example, CaCO.^, MgCO.j, FeC03,
MnCOo, etc., all contain one atom of the base. But extensions

of the conception. of isomorphism are required in other cases.

PbS may well be regarded as isomorphous with AgsS, the metals

here presenting the same total valence. Even this requirement

is not essential, for in FeSs, FeAsS, and FeAs^, a strictly iso-

morphous series, the valences seem to vary. .Vnd finally only

the general grouping of the atoms may be alike, as in the well

known case of CaCO,-; and X^aX'O... In the complexes we find

a still further divergence,, the general rule appearing to be that

replacing one element by another of greater atomic weight may
cause increase in the relative number of atoms, not only of the

latter, but also of all of the other constituents.

The tendency of chemical crystallography during late years

has been largely toward the geometrical explanation of crystal

forms. We have now the strongest reason to believe that the

heat energy of bodies resides not in rapid motion of the atoms

in the molecules, but instead in the motion of the corpuscles

within the atoms themselves. Accordingly, it is pemiissible to

represent every crystallized substance by a '* point-system." or

arrangement of points in space, possessing the proper elements

of symmetry."* Three of these may be constructed for the iso-

metric holohedral group, to which our crystals appear to belong

:

and of them, the one having the points most closely packed in

the direction of the dodecahedron plane corresponds exactly to

the apparent structure exhibited, that of the cubo-octahedron.

That it is the tungsten for molybdenum ") which detenuines

the crvstal form here is self evident ; because of the relativelv

* Compare Tutton. Crystalline Structure aiid Chemical Constitution. Lon-
<lon, 1910, Chapter i(i.
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large size of these atoms it is equally clear that the closest pos-

sible maimer of packing them will leave relatively large spaces

for the interpenetration of other point systems ; and by regarding

the other oxides as entering in this manner, we have a com-

paratively simple explanation of the relations shown in these

complexes. Suppose into a point system of tungsten atoms we
introduce phosphorus pentoxide ; this will distribute itself through

the interspaces, and cause a slight distortion of the original

structure. As pointed out by Groth,^ the cubo-octahedral struc-

ture in question requires* a comparatively slight deformation to

cause it to pass into the orthorhombic system ; which is the very

condition indicated by the behavior of the specimens described.

When arsenic is introduced instead of phosphorus, a similar

distortion might be expected, although the larger size of the

arsenic atom would naturally cause it to be greater in amount.

But it is evident that the greater the distortion of the original

structure, the larger will be the interspaces formed, and the

more atoms of the various elements concerned will be able to

enter. In this conception we therefore have a simple explana-

tion of the relations shown by the various complexes. Had w^e

at our command numerical data concerning the relative spaces

occupied by homologous atoms, it would appear to be quite

possible to predict in advance the composition of any desired

combination ; and the study of a sufficient number of these lx>dies

may ultimately lead to this result.

Viewing these complexes, then, as governed by geometrical

rather than by chemical laws, it is surely not pennissible to call

them chemical compounds. It would seem, however, that they are

but a step removed from the so-called " adsorption compounds "

of colloid-chemistry, although to be sure the difTerence, that of

crystallizability, is usually regarded as a fundamental one. But

it is now recognized that many adsorption compounds, espe-

cially among natural minerals, are able to pass, by insensible gra-

dations, from their usual amorphous condition to a crystalloid

state. Now in the comparatively large nuclear atoms molyb-

denum and tungsten, the crystallization force might be expected

to be unusually strong ; 'so that these complexes may well be re-

garded as to a certain extent bridging the gap between the col-

loid and crystalloid conditions of matter.

"Introduction to Chemical Crystallography (English Ed.), p. 42.



LUMIERE PROCESS OF COLOR PHOTOGRAPHY.

[The Report of the Franklin Institute, through its Committee on Science
and the Arts on the Screen-Plate Process of Color Photography invented by
Messrs. Auguste and Louis Lumiere of Lyons, France. Sub-committee

:

Lucien E. Picolet, Chairman ; Henry Leffmann, Urbane C. Wanner, William
H. Ran, W. N. Jennings. No. 2432.]

So well has the photographic technologist been kept informed

by the many contemporary periodicals relating to the subject,

particularly in its more recent development and practice, that

the state of the prior art may be sufficiently disclosed by but a

passing mention of the results of other workers in the same field.

Processes of color photography may be classified under two

distinct divisions : the one dei>ending upon a purely physiological

action of color sensation, the other upon its dispersion of well

defined physical laws regardless of its physiological effect.

Screen-plate processes depend upon the former action based upon

the Young-Helmholtz hypothesis of three-color sensation, which

states that the effect upon the human eye of any color whatso-

ever may be produced by the simultaneous action of suitable

portions of three colors in much the same manner as varying

hues are produced by the proper mixture of the three primary

pigment colors. Prior to 'the acceptance of this theory, it was

generally supposed that white light (transmitted) could be pro-

duced only by the re-composition of the spectrum.

The first successful application of the three-sensation theory

to the production of pictures in the colors of nature was made
in 1868 by Louis Ducos du Hauron. later perfected by F. E. Ives

and others. This process consisted in making three negatives of

the subject taken through screens imiformly colored red. green

and violet, using orthochromatic plates. Only the red rays

effect the first, the image fornied consisting of a deix)sit of silver

of a density dependent upon their intensity. The plates behind

the green and violet screens were likewise eft'ected by light of

their respective colors. Positives from these three negatives

viewed simultaneously through screens of the- colors used in

making the original exposure appear in the colors of the original

object, the distribution of the silver dejxisit permitting the trans-
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mission of the requisite amount of each quahty of hght to pro-

duce the color of the original. Screen processes are based on
this principle but operate in a slightly modified form.

The exposure is made upon one plate instead of three, behind

a screen whose surface is covered with an equally divided distri-

bution of minute spots oi the three primary colors or ruled with

narrow parallel bands of the same colors arranged in cyclic

order.

The photographic effect upon a plate taken behind such a

screen is similar to that obtained in taking the three separate

impressions, excej^t that there is available for producing the

tint required upon a given surface only about one-third of the

total light illuminating the screen. This necessarily follows

from producing the synthesis not by the superposition of the

requisite proportion of each primary color allowed to pass, but

by the adjacent arrangement of the primary colors, each one of

which utilizes one-third the area of the surface covered by the

three. The interval between these colors is exceedingly minute

and the combined effect upon the eye is similar to a simulta-

neous view of each separate color.

The many attempts to commercially manufacture screen plates

have been duly chronicled in the literature of photography and

need not be further mentioned than to point out that until the

advent of the Lumiere " Autochrome " plate none proved com-
mercially feasible.

The culmination of many years' experimenting towards this

end is embodied in French patent No. 339223, granted to A.

Lumiere and Sons, of France, dated December 17, 1904, and

three supplements, numbered, respectively: 3891, 4290 and 7230.

As there described, the plates are prepared by first applying to

the glass support a layer of transparent adhesive material upon

which is dusted suitably stained transparent granules, prefer-

ably of potato starch in the form of a fine powder. These gran-

ules adhere to the plate in a single layer, forming interstitial

spaces which are covered by a subsequent dusting over with some

minutely divided opaque powder.

The screen is varnished and is then ready to receive an ortho-

chromatic emulsion, forming a plate which may be treated in

somewhat the same manner as the common photographic dry-

plate. Such a plate possesses the same optical peculiarities found
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in the three-plate screen process necessitating the use of a color

screen to equalize the exposure. As now manufactured, the

necessity for covering the o^jen spaces between the colored par-

ticles is overcome. This is done by flattening out the particles

in a roller press, wdiich, expanding laterally, cover the imoccupied

spaces, forming a mosaic composed only of the colors required

in the screen.

The manipulations required and the precautions to be oIj-

ser\ed in producing a negative are described at length in a pam-
plilet supplied by the manufacturers and in current photographic

periodicals.

Briefly, the dark-room process consists of a time develop-

ment in a covered tray, a treatment with potassium permanga-

nate to eliminate the reduced silver, and a subsequent develop-

ment in the light to produce a positive image. Intensification

and final varnishing complete the process.

It might be expected that positives could be obtained by con-

tact printing from the negative resulting from its first develop-

ment, as in the common monochrome processes, but it can be

easily demonstrated that unless the like color elements of the

negative and plate screens exactly coincide, positives cannot be

produced in this way and the process is, consequently, restricted

to the production of a single transparency for each exposure.

The ease wath which the operations required can be performed

was amply demonstrated to the sub-committee. Transparencies

were made at the Institute and every operation in their pro-

duction witnessed by the sul>committee. A comparison with the

originals proved that the various tints were reproduced with

great fidelity.

The exact nature of the sensitive film has not l>een furnished

by the manufacturers; they state, merely, that collodion enters

into its composition. Though an important feature, it does not

appear to your sub-committee to have other than secondary im-

portance in comparison with the production of the color screen,

which, hitherto, has not l)een successfully accomplished uix'>n a

commercial basis.

The keeping quality of the plates is somewhat inferior to

common dry-plates, being more susceptible, according to reix'>rt,

to climatic influence than the latter. It is commonly understood

that orthochromatic plates keep less well tiian others aiul it is to
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be expected that the autochrome plates, subjected as they neces-

sarily are to a particularly thorough treatment of orthochro-

matizing dyes, should suffer somewhat in keeping quality. The
makers, however, furnish these plates under a time limit guaran-

tee as is now frecpiently done with many perishaljle photographic

materials.

There are undoubtedly some drawbacks to the process. The
plate must be viewed by transmitted light, the illumination is

subdued by the relatively large surface covered by the silver de-

posit required to screen extraneous color; replicas cannot be

made, the time of exposure is greater, and, finally, the manipula-

tions are more numerous than is usual in photographic proc-

esses. These objections are of relatively minor character when
the state of the art is considered. The Messrs. Lumiere have suc-

ceeded in devising a process of producing transparency photo-

graphs faithful to the colors of nature and readily available to

all who are conversant with current photographic methods.

The Institute considers this achievement in the art one of the

most important advances of the day and entitled to the highest

commendation and accordingly awards to Auguste and Louis

Lumiere of Lyons, Monplaisir, France, the ELLIOTT CRES-
SON MEDAL for their Screen-Plate Process of Color Photog-

raphy. Attest

:

James Christie,

Secretary.

Philadelphia, November 3. 1909.

International Photographic Exposition. The " Photo-
graphische Gesellschaft zu Riga " will hold such an exposition in

Riga from July 28 to September 28, 1910. The exhibits will be

divided into nine groups: (i) Scientific photography; (2) photog-
raphy in colors; (3) artistic photography; (4) snapshots, travel,

scenery, etc.; (5) technical and architectural photography; (6)
photography for reproduction (press and printing methods)

; (7)
photography for moving pictures; (8) photographic apparatus,

supplies and chemicals; (9) literature pertaining to photography.

Exhibits should be plainly marked " Internat. Photogr. Aus-
stellung, Riga, 1910 " and forwarded to Mr. Leopold Ewald, Spedi-

tur, in Stettin, Germany, where they must arrive not later than

June 14, 1910.



MODERN METHODS OF LIGHTING.

BY

ROBERT H. BRADBURY, Ph.D.,

Head of the Depa'rtment of Science at the Southern High School.

Resume of a Popular Lecture Delivered at Witherspoon Hall, Friday
Evening^ February ii, 1910.

The possibility of producing light without the aid of very high tem-
peratures was shown by mixing a solution containing pyrogallol and for-

maldehyde with 30 per cent, hydrogen peroxide. The vessel glowed with
a strong red light, but remained cool enough to handle.

However, practical lighting is based upon heat. Some substance,
usually a solid, is heated imtil it shines, e.g., arc and incandescent lamps,
calcium light. In candle and gas flames the shining solid is carbon. The
mercury arc, and the flaming arc are exceptions, for in them the luminous
source is a vapor.

When a solid is heated, the radiation consists entirely of heat-rays,

up to about 700° F., when an unsteady gray light appears. This passes into

dull red. yellow and white, as the temperature is raised. A jumble of vibra-

tions is produced in which the heat-rays greatly predominate, but the higher
the temperature, the greater the fraction of the energy given off as light.

The theory of radiation has been worked out in detail for the " black
body," i.e., a body which absorbs all the radiation which falls upon it,

reflecting none. However, actual substances are not black bodies. Their
behavior when heated can only be determined by experiment. The effort

of the illuminating engineer is to find solids which are sufficiently refrac-

tory, and which when heated, radiate a large fraction of the total energy
in the luminous form. In the search for such substances the periodic law
has given assistance since they alwaj'-s occupy the neighborhood of minima
on Lothar Meyer's curve of utmost volumes. At the enormous tempera-
ture of 12000° F. a black body would radiate 50 per cent, of its energ)' in

the visible form. If all energy could be radiated as light it would be possi-

ble to maintain a white source with an expenditure of only .08 watt per

c.p.

The history of the gas industry was briefly sketched. With the aid

of slides and specimens, the manufacture of Welsbach mantles was taken

up in detail. A bar on which burned ten mantles, varying in composition

from pure thoria to 10 per cent, ceria illustrated the striking variation

in c.p. with composition. These illustrations were made possible by the

cordial co-operation of Mr. H. S. Miner of the Welsbach Light Company.
Turning to the electric field, the wire (metal filament) lamps formed

the next subject. Sample lamps from 16 c.p. to lOO c.p. with tantalum and
tungsten filaments were shown in operation. These were furnished by the

Philadelphia Electric Company.
The most striking advance in arc lamps is the flaming arc. which reaches

the extraordinary efficiency of 0.2 watt per c.p. The flaming arc was
made in a simple manner by sprinkling some fluorspar into a hollow,

made in the lower of a pair of ordinary carbons. The light became vellow-

ish and a great increase in intensity occurred. The " .-Kiirola " Flaming
Arc (3000 c.p.) was shown in operation.

The interesting increase in efficiency and steadiness which is achieved
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by the use of slender carbons was referred to and illustrated by the " Econ-
omy,"' a recent Siemens lamp of this type.

The Moore Vacuum Tube was briefly described and illustrated by Geiss-
ler tubes containing hydrogen, nitrogen, helium, neon, argon, krypton and
xenon, which phosphoresced, each with its own color, under the discharges
of a powerful mduction coil.

The success of the electrical experiments was due, chiefly, to_the co-oper-
ation of Mr. Werner Kaufmann.

Mr. Reuben T. Shaw assisted with the experimental portion.

Electric-Steel Refixing. (Joiini. Soc. Chciii. Ind., xxix.
No. 6.)—Three Heroult electric-steel furnaces are being erected in

Sheffield for the manufacture of tool steel, of a quality equal to

crucible steel. By the adoption of the Heroult method, the value
of ores low in sulphur and phosphorus will ditninish and vast de-
posits of a cheaper ore will become available for the production
of the highest class of steel, while the capacity of existing open-
hearth and Bessemer plants will be largely increased. By the use
of cheaper raw material and the increased output of existing oxi-

dizing furnaces, the cost of electric refining may be counter-bal-

anced. The Bessemer process will probably receive a new lease

of life working conjointly with the electric furnace. Many speci-

fications now demand open-hearth rails, and even if the Bessemer
process be used, the reserves of suitable ore are decreasing and
the price is rising. There are two alternatives—to abandon the
Bessemer plant and replace it by open-hearth furnaces or to retain

the Bessemer plant in conjunction with the Heroult furnace. The
U S. Steel Coiporation has adopted the latter course. It is prob-
able the same procedure will be followed in England on the West
Coast; and on the Northeast Coast a furnace is now being con-
structed to refine 200 to 250 tons of steel per day from a Talbot
furnace.

Smoke Nuisance.—The abatement of the smoke nuisance in

Glasgow, Scotland, has been under discussion by the local press,

the municipal authorities, the business men. educationalists and the
citizens generally. The result is that the initial steps have been
taken by the corporation to arrange for the holding of an exhibition

of the most up-to-date appliances for the utilization of gas for

lighting, heating and cooking, and for a display of all kinds of
exhibits and appliances for smokeless ftiel This exhibition

should afiford American manufacturers of gas and electrical appli-

ances for cooking and heating purposes an excellent opportunity

to display their numerous economical and labor-saving devices in

this market.



FRANKLIN INSTITUTE

(Proceedings of the Stated Meeting, held IVednesday, May i8, 1910J

Hall of the FraxNklin Institute,
Philadelphia, May 18, 1910.

President Walton Clark in the Chair.

Additions to membership since last report, 11.

The paper of the evening on " Some Facts about Electrical Insulation
"

was read by Prof. Arthur J. Rowland of the Drexel Institute, Philadelphia.

The speaker discussed the question of insulation resistance of electrical

apparatus and circuits. He exhibited and described a direct reading meg-
ohmmeter, the invention of Mr. Sidney Evershed, and illustrated, by
means of a projection lantern, the effects of moisture and temperature

on insulation. After a brief discussion the paper was referred to the

Committee on Publications and a vote of thanks was tendered to the

speaker. Adjourned.
R. B. Owens.

Secretary.

COMMITTEE ON SCIENCE AND THE ARTS.

(Proceedings of the Stated Meeting, held Wednesday, May 4, 1910.)

Hall of the Franklin Institute,
Philadelphia, May 4, 1910.

Mr. Thomas Spencer in the Chair.

The following reports were presented for final action

:

(No. 2462.) Blanton's Shaft Couplings. Shaft and Hub Connections.

(Adopted, Certificate of Merit.)

(No. 2487.) Baekeland's Bakelite. (Adopted. John Scott .-Kward.)

The following report was presented for first reading:

(No. 2463.) Murray's Safety Devices for Electric Wiring.

The following gentlemen were elected to fill vacancies on the committee:

To serve nineteen montlis. Dr. F. A. Genth : to serve two years and

seventh months, Mr. Harold Calvert.
R. B. Owens.

Secretar\.
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MEMBERSHIP NOTES.
At the Stated Meeting of the Board of Managers, held Wednesday, May

II, the following gentlemen were elected to membership:

Resident.

WALTER TIBBITTS, 5712 American St., OIney, Philadelphia, Pa.
WILMER ROBERTS, Palmyra, N. J.

JOHN P. EATON, 5702 Spruce St., Philadelphia, Pa.

CHARLES BLIZARD, Electrical Engineer, Vice-president the Electric Stor-

age Battery Company, Philadelphia, Pa.

WILLL^M C. RUMFORD, 3144 North Twelfth St., Philadelphia, Pa.

Non-Resident.

WILLIAM J. ROBINSON, President, United States Linen Flax Corpora-
tion, 10 West Thirty-third St., New York City.

ANDREW ALLAN, JR., Manufacturer of Bearing Metals, 486 Greenwich
St., New York City.

EDWARD WESTON, D.Sc, LL.D., President Weston Electrical Instrument
Company, Newark, N. J.

MORTON G. LLOYD, Ph.D., Technical Editor, Electrical Rcviciv and
Western Electrician, Marquette Building, Chicago, III.

Associate.

HERBERT MILLS, 721 Butler Street, Philadelphia. Pa.

FRANK BYRNES, 535 West Montgomery Avenue, Philadelphia, Pa.

Change of Address.

JOHN K. CLASS, Camden Y. M. C. A., Camden, N. J.

MARY C. DUBOIS, 1733 Pine St., Philadelphia, Pa.

WILLIAM J. HAINES, ion Chestnut St., Philadelphia, Pa.

GEORGE R. HALL, Chappaqua, Westchester County, N. Y.

ALFRED J. MAJOR, Buckhill Falls, Pa.

J. WALDO SMITH, 165 Broadway, New York City.

WILLIS C. SQUIRE, R. 315 Jackson Boulevard, Chicago. III.

CHARLES H. WERNER, 37 Wall St., New York City.

OBITUARY.

WALTER CRAIG KERR, President of Westinghouse, Church. Kerr &
Company, died on May 8th at Rochester, Minn. Mr. Kerr was born in

1853 ; he studied mechanical engineering, and after graduation fror

Cornell University became an assistant professor there. In 1883 Mr.
Kerr connected himself with the Westinghouse interests, and later was
elected president of Westinghouse. Church, Kerr & Company. He was
a Trustee of Cornell University since 1890, also a director in the West-
inghouse Machine Company and the Security Investment Company.
With offices at No. 10 Bridge St., New York, Mr. Kerr spent the greater

part of the last twenty years on Staten Island ; he was a member of

many scientific and social organizations.
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LIBRARY NOTES.

Purchases.

BoHM, Dr. C. Richard.—" Die Fabrikation der gliihkorper fiir GasgliihlichL"
BoTHAS, LuDWiG.—" Massen-Dcstillation von Wasser."
CoDDiNGTON, Henry.— ' Treatise 011 the Retlection and Refraction of Light."'

DuNBAK, Dr. H. T . C.
—

" Principles of Sewage Treatment."
Heath, R. S.

—
" Treatise on Geometrical Optics," Ed. 2.

Nagel, Oskar.—" Producer Gas Fired Furnaces."
Nagel, Osk.\k.—" Transportation of Gases, Liquids, and Solids by Steam,

etc."

Feabody, C. H.—" Naval Architecture."
Perry, John.—" Spinning Tops."
Philip, James C—" The Romance of Modern Chemistry."
RiEMER, T.

—
" Shaft Sinking in Difficult Cases."

Rosenthal, L. W.—" Practical Calculations of Transmission Lines."
RuER, Dr. Rudolf.—" The Elements of Metallography."
Scott, R.—" Automatic Block Signals and Signal Circuits."

Sloane, T. O.—" Elementary Electrical Calculations."

Smith, A. C.
—

" Suction Gas Plants."

SoPER, G. A.
—

" Modern Methods of Street Cleaning."

Spangler, Green and Marshall.—" Elements of Steam Engineering."

Spons' " Workshop Receipts for Manufacturers and Scientific Amateurs."
Two volumes.

Stewart, B.—" Handbook on Railway Surveying."
Stewart, A. W.—" Recent Advances in Organic Chemistry."
Strickland, F.—" Manual of Petrol Motors and Motor Cars."

Svedberg, Dr. The.—" Methoden zur Herstellung Kolloider Losungen anor-
ganischer Stoflfe."

Sykes, W. J.—" Principles and Practice of Brewing."
Taylor, H. Dennis.—•" A System of Applied Optics."

Van Deventer, H. R.—" Telephonology Description of Modern Telephone
Appliances."

VoN Schox, H. a. E. C.—" Hydro-Electric Practice."

Wadsworth, M. Edward.—"Crystallography: An Elementary Manual for

the Laboratory."
Webb, W. L.—" Railroad Construction Theory and Practice."

Zerr and Rubencamp.—" Treatise on Colour Manufacture."

Gifts.

Bureau for the Safe Transportation of Explosives and Other Dangerous
Articles. Report of the Chief Inspector, New York, 1910.

" Alcohol," by Dr. J. Starke, New York, 1907.

United States Coast and Geodetic Survey. Results of Observations. Mag-
netic Observatory at Sitka. .\la., 1905-06, Washington. 1910.

," Musco de La Plata Revista," vol. 16, Buenos Aires. 1909.

jSydney University Engineering Society. Proceedings, vol. 13, Sydney. 1908.
•'.' Copper Handbook." by Horace J. Stevens, vol. 9. Houghton. Mich., igog.

"Electric Power Plants." by Thomas E. Murray, New York, 1910.

"Developments in Air Brakes for Railroads," by W. V. Turner and W. S.

Dudley, Pittsburgh, 1909.

Institution of Civil Engineers. Minutes of Proceedings, vol. 179, London. 1910.

"The Roval Society." by Sir William Huggins. London. 1006.
" Principles and Practice of Plumliing." by I. J. Cosgrovc, Pittsburgh. 1906.

"History of Sanitation," bv J. J. Cosgrove. Pittsburgh, igoo.
" Sewage Purification and Disposal," by J. J. Cosgrovc. Pittsburgh, 1900.
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" Wrought Pipe Drainage Systems," by J. J. Cosgrove, Pittsburgh, igog.

American Pharmaceutical Association Proceedings, vol. 57, Baltimore, igog.

Academie Royale de Belgique, Annuaire, Bruxelles, 1910.

Locomotive and Carriage Superintendents' Committee, Affiliated with the

Indian Railway Conference Association, Proceedings, Bombay, 1909.

Institution of Engineers and Shipbuilders in Scotland, Transactions, vol. 52,

Glasgow, igog.

Public Service Commission for the First District of New York State, Pro-
ceedings, July I, igo7, to December 31, igo8, 3 vols.

Iowa Geological Survey, Annual Report, vol. 19, Des Moines, igog.

National Association of Cotton Manufacturers, Transactions No. 87, Boston,

igio.

Neuvieme Congres International de Geographic Compte Rendu, Tome premier.

Geneve, igog.

TRADE CATALOGUES.

Colorado Iron Works Company. Stamp Milling Machinery, Catalogue C,

No. 6, Denver (n. d.).

Risdon Iron Works. Gold Milling Machinery, Catalogue No. 12, San Fran-
cisco(n. d.).

Taylor Engineering Company. Stamp Milling Machinery, Catalogue, Allen-

town (n. d.).

Wisconsin Corliss Engine Co., Bulletin C, No. 4, Milwaukee (n. d.).

CURRENT TOPICS.

The Action of Water on Lead Pipes. (Bull. Soc. d'Encour.,

113' 3-)—M- Olivier Ferrier has received the award of merit of the

Societe de Pharmacie of Paris for his treatise upon the action of

water on lead and iron pipes. Water such as that of Vitre, which
contains less than 3 milligrammes of calcium carbonate per litre,

does not deposit a protective layer on the interior of lead pipes,

especially if there be free carbon dioxide gas present; the nitrates

and chlorides present tend to form small quantities of lead chloride,

which dissolves, and larger quantities of hydrocarbonate. The
author examines the behavior of different metallic pipes with waters

containing but little lime. He concludes that lead pipes should be re-

jected, even when tinned ; also iron pipes even when enamelled. His
conclusion is that it is desirable to change the composition of the

water, as is done at Sheffield and at Dessau, where its action on pipes

is attributed to its too great purity, by adding a fixed quantity of

lime, which has the further advantage of sterilizing the water, and
of furnishing a mineralizing element to the human body.

The Magnesite Industry in India. (La Nature, No. 1922.)—
Considerable deposits of magnesite covering an area of mor'e

than 800 hectares (1976 acres) are found at Salem in the Madras
Presidency. It exists in numerous irregular veins. The mineral

is almost perfectly white, its density is about 3, and its hardness

about 5. It contains 96 to 97 per cent, of magnesium carbonate,

and a very little silica, chalk, and iron and aluminum oxides. By
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calcining the magnesite in gas ovens at 800° C. magnesium oxide
is obtained, which mixed with a solution of magnesium chloride,

makes a very good cement. By heating to 1700° C. calcined mag-
nesia is obtained from which refractory bricks can be made.

A White Brazing Solder (Brass World) good for use on
iron and steel consists of copper 45 per cent., zinc 45 per cent., and
nickel 10 per cent. The nickel gives the necessary whiteness and
only raises the melting point very slightly. For brazing steel or
iron, silver solder, which flows readily without oxidation and at a

low temperature, is preferable, but on account of its cost a suit-

able substitute is sometimes desirable.

The Injuriousness of the Smoke from Steam Boiler Fur-
naces. {La Nature, No. 1922.)—Attention has frequently been
called to the damage done to the neighborhood by the production
of smoke which contains corrosive or noxious gases, such as sul-

phuric or sulphurous acid or ammonia. To give an exact idea of

the damage which such smoke can cause, samples should be taken

at the base of the chimney to determine their composition. Sul-

phuric acid gas is retained in a suitable absorption apparatus, and
determined as insoluble barium sulphate ; sulphurous acid is de-

termined in the same way after absorption and oxidation to sul-

phuric acid by iodine or bromine. The proportion, by volume, of

sulphurous acid gas in the smoke varies o.oooi to 0.0003 per cent.

;

it rarely reaches o.ooi per cent. The content of ammonia, ammo-
niacal salts and volatile products in the smoke has little or no
relation to the injury they do. Recently attention has been directed

to the smoke of locomotives, which diffuses quantities of sulphuric

and sulphurous acid gases into the atmosphere which are far from
negligible.

On the Decomposition of Celluloid Without Ignition.

{La Nature, No. 1922.)—According to Panzer the decomposition

of celluloid without .ignition gives, for 100 Gm.

:

'Nitrogen dioxide 12.4 Gm.
Nitrogen oxide i-9 Gm.
Carbon dioxide 2.4 Gm.
Carbon monoxide 7-0 Gm.
Nitrogen i.i Gm.
Camphor 24.4 Gm.
Nitric acid I3-J G"""-

Volatile organic matter 20.9 Gm.
Carbonaceous residue 16.8 Gm.

The greater part of the camphor is found unchanged. From
the investigations of the author it appears that under these condi-

tions the camphor acts as a denitrifier on the nitro-cellulose. form-
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ing a nitrate 2 CioHjgO N0O5, a colorless oil which is immedi-
ately decomposed by water. The explosions of the gases which
celluloid evolves under the influence of heat, are probably due
to the presence of this nitrate.

Polonium. {Comptes Rendns, 1910, 150.)—Several tons of
uranium residues yielded 2 milligrammes of substance containing
0.1 milligramme of polonium. Fairly pure helium was isolated

from the gases given off by a solution of polonium under a high
vacuum in a quartz tube, due to the action of the X-rays emitted
by this element. The life of radium is about 5300 times that of
polonium (which is reduced to one-half in 140 days). The spec-

trum is being studied to ascertain if an inactive element is derived
from it. Polonium, according to theory, is the last radio-active

term in the series.

On Disinfectants and Their Use. (La Nature, No. 1922.)—
Most of the disinfectants, according to the bacteriologists, show a

variable, activity, in such a way that the test of a disinfectant

upon a given species of bacteria, such as is generally made, does
not usually agree with the ordinary disinfectant effect of the sub-

stance under examination. An ideal disinfectant would be a sub-

stance sufficiently active upon all the micro-organisms, yet not poi-

sonous, inodorous, and sufficiently soluble. These conditions are

partially attained by the halogen derivatives, the chlorides or bro-

mides of naphtol, which are more active than most of the known
disinfectants, with the exception of corrosive sublimate, and which
are practically inodorous and not poisonous. Thus an alkaline

solution of tri-bromo-naphtol, of i part in 250,000, kills staphylo-

cocci in two or three minutes, whilst a solution of lysol, of i part

in 1000, does not kill them in less than 40 minutes. This substance

is also very active against streptococci, the bacilli of diphtheria and
typhus fever. It gives excellent results for disinfecting the hands.

Electricity from the Wind. {Popular Mechanics, April,

1910.)—When the steam engine reached its development practically

the only place where the windmill was retained in service was Hol-
land. But a new use has sprung up for the windmill as a developer

of electricity, and it has been re-christened a " wind-turbine."

In one type of wind-turbine, the wheel of galvanized steel is

16 ft. in diameter mounted upon a steel tower 50 ft. high, and all

moving parts run on ball-bearings, and the transmission gear
works in an oil bath. The generator used is of about 2 k.w. capac-

ity and of 130 volts. Such a plant costs from $1000 to $1200, ac-

cording to the size of the storage batteries.
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